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(57)  A  knowledge  representation  system  which 
allows  a  user  to  utilize  a  description  language  to 
generate,  maintain  and  access  information  in  a 
knowledge  base  is  disclosed.  The  knowledge 
representation  system  includes  an  explanation 
subsystem  which  explains  where  the  derived 
information  that  is  stored  for  a  particular  object 
was  obtained  from.  A  first  level  explanation 
function  will  provide  a  user  with  an  explanation 
of  the  immediate  source  of  the  pieces  of  derived 
information  that  are  stored  for  an  object  in  the 
knowledge  base.  A  complete  explanation  func- 
tion  provides  a  complete  explanation  by  con- 
tinuing  to  explain  how  the  immediate  source  for 
each  piece  of  the  information  itself  received  the 
information,  until  the  source  of  the  information 
is  told  information  or  the  result  of  a  rule  firing. 
The  explanation  subsystem  also  explains  sub- 
sumption  inferences,  which  explain  why  a  par- 
ticular  concept  or  rule  antecedent  is  satisfied  by 
a  particular  object.  The  explanation  that  is  gen- 
erated  may  be  limited  in  a  number  of  ways  in 
accordance  with  the  needs  of  a  user.  An  error 
handling  subsystem  facilitates  the  detection  of 
the  source  of  real  errors.  Upon  the  detection  of 
a  real  error,  an  error  object  is  preferably  created 
for  the  inconsistent  object  and  for  every  other 
object  that  is  affected  by  the  error.  The  error 
objects,  which  may  be  printed  out  or  explained, 
store  all  of  the  information  associated  with  the 
corresponding  object  at  a  time  when  the  data 
structures  include  the  error  information. 
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FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  knowledge  base  management  system,  and  more  particularly,  to  a  meth- 
od  and  apparatus  in  a  knowledge  representation  system  for  providing  either  complete  or  limited  explanation 

5  of  the  source  of  derived  information  and  an  explanation  of  error  objects. 

BACKGROUND  OF  THE  INVENTION 

Recently,  a  number  of  knowledge  base  management  systems  have  been  developed  which  codify  infor- 
10  mation  in  a  knowledge  base  and  provide  a  mechanism  for  users  to  access  and  maintain  the  stored  information. 

For  a  general  introduction  to  knowledge  bases,  see  Ronald  J.  Brachman,  "The  Basics  of  Knowledge  Repre- 
sentation  and  Reasoning,"  AT&T  Technical  Journal,  Vol.  67,  No.  1,  pp.  7-24  (Jan./Feb.  1988)  and  J.  Sowa,  ed., 
Principles  of  Semantic  Networks:  Explorations  in  the  Representation  of  Knowledge,  Morgan-Kaufmann  Pub- 
lishers  (1991). 

15  Generally,  information  for  a  particular  domain  is  developed  through  a  knowledge  engineering  process 
which  requires  a  domain  expert  to  translate  his  or  her  knowledge  into  a  collection  of  declarative  expressions 
which  embody  the  expert's  knowledge.  In  addition,  the  expert  can  generate  a  set  of  rules  and  inferences 
which'  serve  to  imitate  the  expert's  reasoning. 

An  illustrative  knowledge  base  management  system  is  the  CLASSIC™  Knowledge  Representation  Sys- 
20  tern,  developed  by  AT&T  Bell  Laboratories,  which  allows  a  user  to  generate,  maintain  and  access  information 

in  a  knowledge  base  using  a  description  language.  The  information  that  is  stored  in  a  knowledge  base  for  a 
particular  object  typically  includes  "told"  information  that  has  been  entered  by  a  user  about  the  object,  as  well 
as  "derived"  information  that  may  be  ascertained  about  the  object  based  on  the  told  information  and  certain 
inferences  that  allow  information  about  the  object  to  be  inferred. 

25  A  knowledge  base  management  system  may  provide  an  explanation  function  which  explains  the  source 
of  each  piece  of  information  that  has  been  stored  for  a  particular  object.  For  example,  the  explanation  function 
may  indicate  that  a  piece  of  information  was  entered  by  the  user  about  an  object,  or  that  the  piece  of  information 
was  inherited  from  a  concept  which  the  user  asserted  that  the  object  satisfied. 

There  are  very  few  knowledge  base  management  systems  that  include  explanation  capabilities  forexplain- 
30  ing  the  immediate  source  of  a  piece  of  information.  Prior  versions  of  the  CLASSIC™  system  did  provide  an 

explanation  of  the  immediate  source  of  a  piece  of  information,  but  did  not  go  the  next  step  and  explain  how 
the  immediate  source  of  the  information  itself  received  the  information. 

In  addition,  if  a  system  has  no  pruning  capabilities,  then  when  a  user  requests  an  explanation  for  a  par- 
ticular  object,  the  user  is  presented  with  an  explanation  of  the  source  of  all  of  the  information  that  is  stored  for 

35  the  particular  object,  regardless  of  the  particular  needs  of  the  user.  Thus,  explanation  systems,  which  are  un- 
able  to  limit  the  scope  of  the  generated  explanation,  have  limited  utility  because  the  amount  of  explanation 
that  is  presented  to  the  user  is  often  overwhelming. 

One  potentially  useful  application  for  the  explanation  facilities  of  a  knowledge  base  management  system 
is  in  detecting  the  source  of  errors.  However,  upon  the  detection  of  a  real  error  by  a  conventional  knowledge 

40  representation  system,  in  otherwords,  where  an  inconsistency  is  created  in  the  information  stored  foran  object, 
the  knowledge  representation  system  will  automatically  discard  the  piece  of  information  that  has  led  to  the  error 
and  return  the  knowledge  base  to  a  consistent  state  by  removing  all  of  the  information  that  was  added  to  the 
knowledge  base  based  on  the  discarded  information.  Thus,  in  a  conventional  knowledge  representation  sys- 
tem,  it  is  not  possible  to  request  an  explanation  of  an  object  containing  an  error,  because  the  knowledge  rep- 

45  resentation  system  has  automatically  discarded  the  information  in  order  to  maintain  the  knowledge  base  in  a 
consistent  state. 

Another  potentially  useful  application  for  the  explanation  facilities  of  a  knowledge  base  management  sys- 
tem  is  in  providing  an  explanation  of  why  a  particular  object  does  or  does  not  satisfy  a  particular  concept  de- 
scription.  If  the  knowledge  base  management  system  classifies  objects  in  the  knowledge  base  in  a  hierarchy, 

50  it  would  be  particularly  useful  for  the  knowledge  base  management  system  to  provide  an  explanation  of  why 
an  object  is  in  a  particular  position  in  the  hierarchy. 

As  is  apparent  from  the  above  discussion  with  prior  knowledge  base  management  systems,  a  need  exists 
for  a  knowledge  representation  system  that  is  capable  of  providing  a  complete  explanation  of  a  piece  of  derived 
information  by  tracing  back  the  source  of  each  piece  of  information  until  it  reaches  the  point  that  the  source 

55  of  the  information  is  told  information  which  has  been  asserted  by  the  user.  Afurther  need  exists  fora  knowledge 
representation  system  that  is  capable  of  limiting  the  generated  explanation  in  accordance  with  the  needs  of 
the  user.  Finally,  a  need  exists  foran  explanation  system  that  is  capable  of  explaining  objects  that  contain  er- 
rors,  in  order  to  facilitate  the  detection  of  the  error  source. 
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SUMMARY  OF  THE  INVENTION 

Generally,  in  one  embodiment  of  the  invention,  a  knowledge  representation  system  is  provided  to  allow  a 
user  to  utilize  a  description  language  to  generate,  maintain  and  access  information  in  a  knowledge  base.  The 

5  knowledge  representation  system  includes  an  explanation  subsystem  which  allows  it  to  explain  where  the  de- 
rived  information  that  is  stored  for  a  particular  object  was  obtained  from.  In  one  embodiment,  a  first  level  ex- 
planation  function  will  provide  a  user  with  an  explanation  of  the  immediate  source  of  the  pieces  of  derived  in- 
formation  that  are  stored  for  an  object  in  the  knowledge  base. 

According  to  another  embodiment  of  the  invention,  a  complete  explanation  function  provides  a  complete 
10  explanation  of  the  source  of  information  stored  for  a  particular  object,  by  tracing  back  the  source  of  the  infor- 

mation  until  it  reaches  the  point  that  the  source  of  the  information  is  told  information  which  has  been  asserted 
by  the  user  about  the  object  or  is  the  result  of  a  rule  firing. 

According  to  another  embodiment  of  the  invention,  the  explanation  subsystem  also  includes  a  mechanism 
for  explaining  subsumption  inferences,  which  explain  why  a  particular  concept  or  rule  antecedent  in  the  knowl- 

15  edge  base  is  satisfied  by  a  particular  object.  In  one  embodiment,  an  object  subsumption  explanation  function 
will  explain  why  a  particular  concept  in  the  knowledge  base  is  satisfied  by  a  particular  object.  The  object  sub- 
sumption  explanation  function  will  first  verify  that  the  object  being  explained  is  in  fact  subsumed  by  the  con- 
cept,  and  then  if  so,  will  indicate  how  each  component  of  the  concept  definition  is  satisfied  by  the  object  being 
explained. 

20  In  addition,  a  rule  firing  explanation  function  will  provide  an  explanation  of  why  a  particular  rule  was  fired 
on  a  particular  individual  in  the  knowledge  base.  The  rule  firing  explanation  function  will  first  verify  that  the 
individual  being  explained  is  subsumed  by  the  rule  antecedent  and  rule  filter,  if  any,  and  then  indicate  how 
each  component  of  the  rule  antecedent  and  rule  filter  are  satisfied  by  the  individual  being  explained. 

According  to  a  further  embodiment  of  the  invention,  the  explanation  that  is  generated  by  the  explanation 
25  subsystem  may  be  limited  in  a  number  of  ways  in  accordance  with  the  needs  of  a  user.  In  this  manner,  the 

explanation  output  that  is  presented  to  the  user  is  more  manageable,  and  is  limited  to  an  explanation  of  the 
information  that  the  particular  user  is  interested  in.  In  one  embodiment,  when  a  user  requests  an  explanation 
for  an  object  in  the  knowledge  base,  the  user  can  specify  on  the  command  line  that  the  explanation  should  be 
limited  to  a  particular  role-path  or  aspect. 

30  In  addition,  according  to  a  further  embodiment  of  the  invention,  a  number  of  pruning  variables  are  prefer- 
ably  provided  which  may  be  preset  by  the  user  to  limit  the  scope  of  the  explanation  that  is  generated  in  a  number 
of  ways.  A  plurality  of  pruning  variables  are  preferably  provided  to  allow  a  user  to  control  whether  certain  in- 
ferences  are  explained,  to  limit  the  generated  explanation  of  certain  aspects  or  role-paths,  and  to  control  where 
the  complete  explanation  function  is  terminated.  The  pruning  variables  are  preferably  placed  under  user  con- 

35  trol,  with  default  settings  being  defined  for  each  variable  in  the  event  that  the  user  fails  to  specif  y  some  pruning 
settings. 

According  to  another  embodiment  of  the  invention,  an  error  handling  subsystem  provides  a  mechanism 
for  utilizing  the  explanation  subsystem  for  detecting  the  source  of  real  errors.  The  error  handling  subsystem 
will  preferably  create  an  error  object,  which  stores  all  of  the  information  associated  with  an  inconsistent  object 

40  at  a  time  when  the  data  structures  of  the  object  included  all  of  the  error  information,  in  other  words,  before  the 
knowledge  representation  system  returns  the  knowledge  base  to  a  consistent  state.  In  addition,  error  objects 
are  also  preferably  created  for  every  object  in  the  knowledge  base  that  is  affected  by  the  error,  which  are  those 
objects  that  were  modified  as  a  result  of  the  problematic  input  before  the  inconsistency  was  detected. 

According  to  a  further  embodiment  of  the  invention,  the  user  can  treat  the  generated  error  objects,  which 
45  contain  the  error  information,  like  any  other  object  in  the  knowledge  base.  Accordingly,  the  user  can  print  out 

the  information  that  is  stored  in  the  data  structures  associated  with  the  error  object,  or  request  that  an  explan- 
ation  be  performed  on  the  object  in  order  to  identify  the  source  of  the  error. 

A  more  complete  understanding  of  the  present  invention,  as  well  as  further  features  and  advantages  of 
the  invention,  will  be  obtained  by  reference  to  the  detailed  description  and  drawings. 

50 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  schematic  block  diagram  illustrating  a  knowledge  base  management  system  according  to  the 
present  invention; 

55  FIG.  2a  provides  a  graphical  illustration  of  the  hierarchical  relationship  of  a  number  of  objects  maintained 
in  a  sample  knowledge  base  that  is  defined  by  a  sample  source  code,  athlete-file,  shown  in  FIG.  2b; 
FIG.  2b  illustrates  the  sample  source  code,  athlete-file,  that  defines  the  told  information  which  has  been 
asserted  by  the  user  for  the  sample  knowledge  base  of  FIG.  2a; 
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FIGS.  3  through  10b  illustrate  a  number  of  illustrative  data  structures  for  storing  information  for  the  indi- 
viduals  and  concepts  in  a  knowledge  base; 
FIG.  1  1  is  a  flow  chart  describing  an  exemplary  first  level  explanation  function  as  utilized  by  the  knowledge 
representation  system  in  explaining  the  immediate  source  of  derived  information  foran  object  in  the  knowl- 

5  edge  base; 
FIGS.  12a  through  12f,  collectively  are  a  flow  chart  describing  an  exemplary  setup  explanation  structure 
function  as  utilized  by  the  first  level  explanation  function  of  FIG.  11  and  a  complete  explanation  function 
illustrated  in  FIG.  17  to  clear  out  the  derived  information  for  a  particular  object  being  explained  and  then 
to  recalculate  the  derived  information  while  maintaining  an  indication  of  how  each  piece  of  the  rederived 

10  information  was  obtained; 
FIGS.  1  3a  through  1  3i,  collectively,  are  a  flow  chart  describing  an  exemplary  explanation  object  generation 
function  as  utilized  by  the  setup  explanation  structure  function  of  FIG.  12  to  compare  a  first  data  structure 
to  the  derived  information  data  structure  of  the  object  being  explained  in  order  to  identify  the  pieces  of 
information  appearing  in  the  structure  of  the  object  being  explained  that  have  been  derived  from  the  object 

15  associated  with  the  first  data  structure; 
FIG.  14  is  a  flow  chart  describing  an  exemplary  object  subsumption  explanation  function  as  utilized  by 
the  knowledge  representation  system  to  explain  why  a  particular  concept  is  satisfied  by  a  particular  object; 
FIG.  1  5  is  a  flow  chart  describing  an  exemplary  rule  firing  explanation  function  as  utilized  by  the  knowledge 
representation  system  to  provide  an  explanation  of  why  a  particular  rule  was  fired  on  a  particular  individual 

20  in  the  knowledge  base; 
FIGS.  16a  through  16i,  collectively,  are  a  flow  chart  describing  an  exemplary  concept-subsumes-object 
subroutine  as  utilized  by  the  object  subsumption  explanation  function  of  FIG.  14  and  the  rule  firing  ex- 
planation  function  of  FIG.  1  5  to  go  through  each  component  of  a  concept  definition  and  identify  how  the 
component  is  satisfied  by  an  object  being  explained; 

25  FIG.  17  is  a  flow  chart  describing  an  exemplary  complete  explanation  function  as  utilized  by  the  knowledge 
representation  system  to  provide  a  complete  explanation  of  the  source  of  information  stored  for  a  particular 
object; 
FIG.  1  8  is  a  flow  chart  describing  an  exemplary  explanation  structure  analysis  function  as  utilized  by  the 
complete  explanation  function  of  FIG.  1  7  to  analyze  the  explanation  structures  of  an  object  being  explained 

30  to  determine  if  further  explanation  is  necessary;  and 
FIGS.  19a  through  19c,  collectively,  are  a  flow  chart  describing  an  exemplary  explanation  object  analysis 
function  as  utilized  by  the  explanation  structure  analysis  function  of  FIG.  18  to  analyze  the  explanation 
objects  within  an  explanation  structure  of  an  object  being  explained  to  determine  if  further  explanation  is 
necessary,  and  if  so,  how  the  further  information  is  obtained. 

35 
DETAILED  DESCRIPTION 

Aknowledge  base  management  system  5  according  to  the  present  invention  is  shown  in  FIG.  1.  The  knowl- 
edge  base  management  system  5  allows  a  user  to  generate,  maintain  and  access  information  in  a  knowledge 

40  base,  such  as  knowledge  base  20.  As  shown  in  FIG.  1  ,  the  knowledge  base  management  system  5  disclosed 
herein  includes  a  general-purpose  computing  system  10,  such  as  a  workstation  or  personal  computer,  having 
a  display  14,  a  processing  unit  16,  a  memory  unit  18,  a  modem  26,  buses  22,  and  an  input  device  or  devices 
24,  such  as  a  mouse,  a  keyboard  or  both. 

The  memory  unit  18  of  the  host  computer  10  preferably  includes  a  host  programming  language  12,  which 
45  may  be  any  suitable  high  level  programming  language,  such  as  the  Common  LISP  or  C  programming  languag- 

es.  The  knowledge  base  management  system  5  may  be  interconnected  with  other  knowledge  base  manage- 
ment  systems,  or  data  storage  and  collection  devices  via  modem  26,  data  link  21  and  communications  network 
23. 

As  discussed  further  below,  the  host  computer  1  0  employs  a  knowledge  representation  system  1  5,  which 
so  may  be  stored  in  the  memory  unit  18,  to  develop  and  interact  with  a  knowledge  base,  such  as  the  knowledge 

base  20.  As  discussed  further  below  in  conjunction  with  FIGS.  3  through  10b,  the  knowledge  base  20  will  typ- 
ically  consist  of  a  plurality  of  data  structures  or  records,  such  as  records  25,  R2  27,  R3  29,  Rn  31  ,  for  storing 
information  on  objects  in  the  domain.  It  is  noted  that  although  the  knowledge  base  20  is  illustrated  as  being 
stored  in  the  memory  unit  1  8,  the  knowledge  base  20  may  alternatively  be  stored  in  a  remote  memory  device, 

55  as  would  be  apparent  to  one  skilled  in  the  art. 
As  is  well  known,  the  information  stored  in  a  particular  record,  such  as  the  record  25,  associated  with  a 

given  object  includes  "told"  information  that  has  been  entered  by  a  user  about  the  object  into  the  knowledge 
base  management  system  5,  as  well  as  "derived"  information  that  may  be  ascertained  about  the  given  object 

4 
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based  on  the  told  information  and  certain  inferences  discussed  below. 
The  knowledge  representation  system  15  allows  the  user  to  employ  a  description  language  to  make  as- 

sertions  about  objects  in  the  domain  of  interest,  to  identify  classes  of  objects  and  to  establish  the  relationship 
among  the  entered  objects.  As  discussed  further  below,  the  knowledge  representation  system  15  will  utilize 

5  the  user's  description  of  entered  terms  to  classify  the  objects  by  finding  their  relationship  to  all  previously  spe- 
cified  terms. 

In  a  preferred  embodiment,  the  knowledge  representation  system  15  is  embodied  as  a  description-based 
knowledge  representation  system,  such  as  the  CLASSIC™  Knowledge  Representation  System,  developed  by 
AT&T  Bell  Laboratories,  600  Mountain  Avenue,  Murray  Hill,  New  Jersey  07974-0636,  as  modified  herein  to 

10  provide  enhanced  explanation  facilities  and  a  mechanism  for  the  creation  of  error  objects,  discussed  below. 
The  CLASSIC™  Knowledge  Representation  System  is  currently  available  in  Common  LISP  and  C  implemen- 
tations.  For  a  detailed  discussion  of  the  CLASSIC™  Knowledge  Representation  System,  see  R.J.  Brachman 
et  al.,  Living  With  CLASSIC:  How  and  When  to  Use  a  KL-One-like  Language,  in  J.  Sowa,  ed.,  Principles  of 
Semantic  Networks:  Explorations  in  the  Representation  of  Knowledge;  Morgan-Kaufmann  Publishers,  1991, 

15  pp.  401-56;  A.  Borgida  et  al.,  CLASSIC:  A  Structural  Data  Model  for  Objects,  Proc.  of  the  1989  ACM  SIGMOD 
Int'l  Conf.  on  the  Management  of  Data,  Portland,  OR.,  SIGMOD  RECORD,  Vol.  18,  No.  2,  pp.  58-67  (June, 
1989),  each  incorporated  herein  by  reference. 

Alternatively,  the  knowledge  representation  system  1  5  may  be  embodied  utilizing  the  BACK  Terminological 
Representation  System,  available  from  the  Technical  University  Berlin,  Germany,  and  described  in  Thomas 

20  Hoppe  et  al.,  BACK  V5  Tutorial  &  Manual,  Technical  University  Berlin,  Institute  for  Software  and  Theoretical 
Information,  Project  KIT-BACK,  W-1000  Berlin  10,  Germany  (March,  1993);  or  the  Loom  Knowledge  Repre- 
sentation  System,  available  from  the  University  of  Southern  California,  Information  Sciences  Institute,  Marina 
del  Rey,  CA.  90292,  and  described  in  David  Brill,  Loom  Reference  Manual,  Version  2.0,  University  of  Southern 
California  (Dec.  1993). 

25  As  shown  in  FIG.  1,  the  knowledge  representation  system  15  preferably  includes  an  inference  engine  40 
which  maintains  a  subsumption  function  48,  discussed  below,  as  well  as  the  inferences  which  allow  derived 
information  to  be  obtained  for  objects  in  the  knowledge  base  20.  For  a  listing  and  discussion  of  illustrative  in- 
ferences  see  Appendices  1  through  4;  see  also  Alexander  Borgida,  From  Type  Systems  to  Knowledge  Repre- 
sentation:  Natural  Semantics  Specifications  For  Description  Logics,  Int'l  J.  On  Intelligent  and  Cooperative  In- 

30  formation  Systems  1(1),  World  Scientific  Publishing,  Singapore  (1992),  incorporated  herein  by  reference.  The 
inferences  listed  in  Appendices  1  through  4  are  illustrative  of  the  inferences  that  would  be  found  in  a  description- 
based  knowledge  representation  system  15,  such  as  the  CLASSIC™  Knowledge  Representation  System.  Ap- 
pendix  1  is  a  listing  of  illustrative  normalization  inferences.  Appendix  2  is  a  listing  of  illustrative  inferences  which 
may  be  applied  to  "same-as"  restrictions.  Appendices  3  and  4  are  a  listing  of  illustrative  subsumption  infer- 

35  ences,  discussed  further  below. 
The  knowledge  representation  system  15  additionally  includes  an  explanation  subsystem  45  which  pre- 

ferably  generates,  upon  user  request,  an  explanation  of  where  the  derived  information  that  is  stored  in  the 
knowledge  base  20  for  a  particular  object  was  obtained  from.  The  explanation  subsystem  45  preferably  pro- 
vides  a  first  level  explanation  function  50,  discussed  further  below  in  conjunction  with  FIG.  11,  which  provides 

40  a  user  with  an  explanation  of  the  immediate  source  of  the  pieces  of  derived  information  that  are  stored  for  an 
object  in  the  knowledge  base  20. 

In  addition,  according  to  another  feature  of  the  invention,  the  explanation  subsystem  includes  a  complete 
explanation  function  55,  discussed  further  below  in  conjunction  with  FIG.  17,  which  provides  a  user  with  a  com- 
plete  explanation  of  the  information  that  is  stored  for  an  object  in  the  knowledge  base  20  by  tracing  back  the 

45  source  of  each  piece  of  the  derived  information  until  it  reaches  the  point  that  the  source  of  the  information  is 
told  information  which  has  been  asserted  by  the  user  or  is  the  result  of  a  rule  firing. 

In  addition,  the  explanation  subsystem  45  preferably  includes  an  object  subsumption  explanation  function 
65  and  a  rule  firing  explanation  function  70,  discussed  below  in  conjunction  with  FIGS.  14  and  15,  respectively, 
for  explaining  subsumption  inferences,  in  other  words,  why  a  particular  object  in  the  knowledge  base  20  is  sub- 

50  sumed  by  a  particular  concept  or  rule  antecedent. 
The  explanation  subsystem  45  preferably  also  includes  the  program  code  necessary  to  execute  a  number 

of  additional  functions  58,  60,  75,  80,  85,  discussed  below  in  conjunction  with  FIGS.  12,  13,  16,  18  and  19, 
respectively.  The  explanation  subsystem  45  preferably  maintains  an  explanation  text  library  90,  discussed  fur- 
ther  below,  which  contains  an  appropriate  text  message  for  printing  out  explanations  for  each  type  of  inference. 

55  According  to  a  further  feature  of  the  invention,  the  explanation  that  is  generated  by  the  explanation  sub- 
system  45  may  be  limited  in  a  number  of  ways.  In  this  manner,  the  explanation  output  that  is  presented  to  the 
user  is  more  manageable,  and  is  limited  to  an  explanation  of  the  information  that  the  particular  user  is  interested 
in.  First,  when  a  user  requests  either  a  first  level  explanation  or  a  complete  explanation  for  an  object  in  the 
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knowledge  base  20,  the  user  can  specify  on  the  command  line  that  the  explanation  should  be  limited  to  a  par- 
ticular  role-path  or  aspect,  discussed  below. 

In  addition,  according  to  a  further  feature  of  the  invention,  a  number  of  pruning  variables  are  preferably 
provided  to  allow  a  user  to  limit  the  scope  of  the  explanation  that  is  generated  in  a  number  of  ways.  As  discussed 

5  further  below,  a  plurality  of  pruning  variables  are  preferably  provided  to  allow  a  user  to  control  whether  certain 
inferences  are  explained,  to  limit  the  generated  explanation  to  certain  aspects  or  role-paths,  and  to  control 
where  the  complete  explanation  function  55  is  terminated.  The  pruning  variables  are  preferably  placed  under 
user  control,  with  default  settings  being  defined  for  each  variable  in  the  event  that  the  user  fails  to  specify 
some  pruning  settings. 

10  The  knowledge  representation  system  1  5  preferably  also  includes  an  error  handling  subsystem  35,  which 
provides  a  mechanism  for  detecting  and  processing  syntax  errors  as  well  as  real  errors,  in  a  known  manner. 
A  real  error  occurs  where  the  knowledge  representation  system  1  5  detects  an  inconsistency  in  the  data  while 
trying  to  create  a  record  for  an  object.  For  example,  a  knowledge  base,  such  as  the  knowledge  base  20,  may 
include  a  concept  VEGETARIAN  that  is  defined  to  be  satisfied  if  an  individual  only  eats  food  of  the  type  PLANT. 

15  Thus,  if  an  individual  in  the  knowledge  base  20  were  classified  as  a  VEGETARIAN  and  then  the  individual  was 
later  found  or  asserted  to  eat  food  of  the  type  MEAT,  which  is  disjoint  from  the  concept  PLANT,  then  an  incon- 
sistency  in  the  data  would  develop,  and  a  real  error  would  be  detected. 

Typically,  upon  detection  of  a  real  error  by  a  knowledge  representation  system  1  5,  such  as  the  CLASSIC™ 
Knowledge  Representation  System,  the  knowledge  representation  system  15  will  automatically  generate  an 

20  error  message,  discard  the  piece  of  information  that  has  led  to  the  real  error  and  return  the  knowledge  base 
20  to  a  consistent  state  by  removing  all  of  the  information  that  was  added  to  the  knowledge  base  20  based  on 
the  discarded  information. 

Once  an  inconsistency  is  detected  following  the  entry  of  information  in  the  knowledge  base  20,  the  knowl- 
edge  representation  system  1  5  will  identify  all  of  the  individuals  in  the  knowledge  base  20  who  received  infor- 

25  mation  propagated  from  the  individual  who  the  information  was  initially  added  to,  by  referring  to  a  "propagated 
out"  list  maintained  in  the  data  structure  of  each  individual,  as  discussed  below.  In  addition,  the  knowledge 
representation  system  15  will  identify  those  individuals  who  must  be  reclassified  if  the  error  information  is  re- 
moved  from  the  individual  who  the  information  was  initially  added  to,  by  referring  to  a  "NEG-DEPENDS-ON- 
ME"  list  maintained  in  the  data  structure  of  each  individual.  The  knowledge  representation  system  15  can  then 

30  remove  the  added  information,  undo  all  of  the  propagations,  and  reclassify  the  appropriate  individuals  in  order 
to  return  the  knowledge  base  20  to  a  consistent  state. 

Thus,  in  a  conventional  knowledge  representation  system  15,  it  is  not  possible  to  request  an  explanation 
of  an  object  containing  an  error,  and  thus  identify  the  source  of  the  error,  because  the  knowledge  representation 
system  15  has  automatically  discarded  the  error  information  in  order  to  maintain  the  knowledge  base  20  in  a 

35  consistent  state. 
According  to  one  feature  of  the  invention,  however,  upon  detection  of  a  real  error  by  the  error  handling 

subsystem  35,  before  returning  the  knowledge  base  20  to  a  consistent  state,  the  error  handling  subsystem  35 
will  preferably  create  an  error  object  which  stores  all  of  the  information  associated  with  the  inconsistent  object 
at  a  time  when  the  data  structures  of  the  object  included  all  of  the  error  information. 

40  In  addition,  error  objects  are  also  preferably  created  for  every  object  in  the  knowledge  base  20  that  is  af- 
fected  by  the  error,  in  other  words,  for  all  objects  in  the  knowledge  base  20  that  were  modified  as  a  result  of 
the  problematic  input  before  the  inconsistency  was  detected.  Thus,  error  objects  are  preferably  created  for 
those  individuals  listed  in  the  "propagations  out"  and  "NEG-DEPENDS-ON-ME"  lists  of  the  individual  who  the 
error  information  was  initially  added  to.  In  this  manner,  the  user  can  treat  the  error  objects,  which  contain  the 

45  error  information,  like  any  other  object  in  the  knowledge  base  20.  Accordingly,  the  user  can  print  out  the  infor- 
mation  that  is  stored  in  the  data  structures  associated  with  the  error  objects,  or  request  that  a  first  level  ex- 
planation  or  a  complete  explanation  be  performed  on  the  object,  as  discussed  further  below,  in  order  to  identify 
the  source  of  the  error. 

The  knowledge  representation  system  1  5  disclosed  herein  is  particularly  suitable  for  use  as  a  configurator, 
so  which  may  be  used,  for  example,  to  provide  sales  proposals  or  to  generate  factory  orders  for  manufacturing 

applications.  The  explanation  subsystem  45  disclosed  herein  is  particularly  useful  in  configurator  applications 
in  order  to  explain  the  source  of  derived  information  generated  by  the  large  number  of  inferences  which  are 
typical  in  such  systems.  In  addition,  the  knowledge  representation  system  15  disclosed  herein  is  particularly 
useful  for  identifying  and  explaining  the  sources  of  errors  in  such  configuration  systems.  For  a  discussion  of 

55  a  particular  implementation  of  a  knowledge  representation  system  15  as  a  configurator,  see  Jon  R.  Wright  et 
al.,  A  Knowledge-Based  Configurator  that  Supports  Sales,  Engineering,  and  Manufacturing  at  AT&T  Network 
Systems,  Proc.  of  the  Fifth  Innovative  Applications  Of  Artificial  Intelligence,  Washington,  D.C.,  pp.  183-193 
(July  11-15,  1993),  reprinted  in  Al  Magazine  Vol.  14,  No.  3,  pp.  69-80  (Fall  1993),  incorporated  herein  by  ref- 

6 



EP  0  684  554  A1 

erence. 
Generally,  a  description-based  knowledge  representation  system  15,  such  as  the  CLASSIC™  Knowledge 

Representation  System,  utilizes  three  kinds  of  formal  objects  to  form  the  basic  expressions  that  are  used  to 
create  rules  and  to  describe  objects  in  the  domain.  First,  "individuals"  are  intended  to  directly  represent  indi- 

5  vidual  objects  in  the  domain  of  interest.  It  is  noted  that  an  "individual"  need  not  be  a  person.  Second,  "concepts" 
are  descriptions  that  are  applied  to  individuals.  It  is  noted  that  the  term  "object"  is  defined  to  be  either  a  "con- 
cept"  or  an  "individual".  Finally,  "roles"  are  formal  objects  utilized  to  represent  certain  properties  of  individuals. 
Roles  are  generally  utilized  to  relate  two  individuals. 

As  is  well  known,  a  new  concept  is  typically  described  in  a  description-based  knowledge  representation 
10  system  15,  such  as  the  CLASSIC™  Knowledge  Representation  System,  by  means  of  a  concept  description 

which  may  consist  of  a  list  of  the  more  general  concepts  that  are  included  within  the  definition  of  the  new  con- 
cept  as  well  as  a  list  of  additional  restrictions  indicating  ways  in  which  the  new  concept  differs  from  the  more 
general  concepts.  Similarly,  the  typical  way  of  describing  a  new  individual  in  a  knowledge  representation  sys- 
tem  15,  such  as  the  CLASSIC™  Knowledge  Representation  System,  is  to  give  a  list  of  concepts  that  are  sat- 

is  isf  ied  by  the  individual  and  then  to  provide  a  list  of  additional  restrictions  specifying  the  ways  in  which  the  new 
individual  differs  from  the  satisfied  concepts. 

As  is  well  known,  the  concepts  and  individuals  that  are  established  in  a  knowledge  base,  such  as  the  sam- 
ple  knowledge  base  20,  for  a  particular  domain  are  put  into  a  hierarchy.  In  this  manner,  a  more  general  concept 
will  be  above  a  more  specific  concept  in  the  hierarchy.  Generally,  a  concept  is  classified  by  finding  the  con- 

20  cepts  that  are  the  "parents"  and  "children"  of  the  concept  being  classified,  as  well  as  finding  all  individuals 
that  are  direct  instances  of  the  concept.  An  individual  is  found  in  the  hierarchy  underneath  all  of  the  concepts 
in  the  hierarchy  that  the  individual  satisfies.  An  individual  satisfies  a  concept  if  the  individual  satisfies  every 
restriction  in  the  concept  definition.  In  addition,  as  discussed  further  below,  the  knowledge  representation  sys- 
tem  15  will  fire  any  rules  that  have  been  defined  where  the  current  concept  is  the  antecedent  of  the  rule  on 

25  all  individuals  that  satisfy  the  concept. 
Information  may  also  be  obtained  about  individuals  in  the  knowledge  base  20  based  on  certain  rules  or 

other  inferences,  stored  in  the  inference  engine  40,  that  may  have  been  established  for  the  domain.  For  ex- 
ample,  a  knowledge  base,  such  as  the  knowledge  base  20,  may  include  a  concept  VEGETARIAN  that  is  defined 
to  be  satisfied  if  an  individual  only  eats  food  of  the  type  PLANT.  Further,  the  knowledge  base  20  may  have  a 

30  rule  stating  that  anyone  who  is  a  VEGETARIAN  is  known  to  be  a  HEALTHY-THING.  Thus,  in  order  to  classify 
an  individual  under  the  concept  VEGETARIAN,  the  knowledge  representation  system  15  must  know  the  type 
of  food  that  the  individual  eats.  However,  once  an  individual  is  known  to  be  a  VEGETARIAN,  the  knowledge 
representation  system  15  can  immediately  "fire"  the  rule  and  infer  that  the  individual  also  satisfies  the  concept 
HEALTHY-THING. 

35  Each  rule  is  preferably  stored  in  a  rule  structure,  which  includes  an  indication  of  the  antecedent  that  must 
be  satisfied  before  the  rule  fires,  as  well  as  an  indication  of  the  rule  consequent  or  result,  that  will  occur  if  the 
rule  antecedent  is  satisfied.  In  addition,  a  rule  may  also  have  an  associated  rule  filter,  which  is  a  limitation  in 
addition  to  the  rule  antecedent  that  must  be  present  before  the  rule  will  fire. 

For  example,  in  the  above  example,  there  was  a  rule  stating  that  anyone  who  is  a  VEGETARIAN  is  known 
40  to  be  a  HEALTHY-THING.  However,  a  filter  may  be  added  to  the  above  rule  and  thus  require  that  anyone  who 

is  a  VEGETARIAN  and  runs  at  least  three  miles  a  day  is  known  to  be  a  HEALTHY-THING.  Thus,  the  added 
requirement  that  someone  run  at  least  three  miles  a  day  in  order  to  be  a  HEALTHY-THING  is  said  to  be  a  rule 
filter. 

A  knowledge  representation  system  15,  such  as  the  CLASSIC™  Knowledge  Representation  System  15, 
45  will  often  utilize  three  different  types  of  rules.  First,  a  simple  rule,  such  as  the  HEALTHY-THING  rule  just  dis- 

cussed,  will  typically  consist  of  a  rule  antecedent,  which  is  a  concept,  and  a  rule  consequent,  which  is  also  a 
named  concept  or  a  concept  description.  Once  an  individual  is  known  to  satisfy  the  rule  antecedent  and  filter, 
if  any,  the  rule  is  fired  and  the  individual  is  then  deduced  to  satisfy  the  named  concept  or  concept  description 
that  is  the  rule  consequent. 

so  A  description  rule  is  similar  to  a  simple  rule.  However,  a  rule  consequent  for  a  description  rule  is  defined 
with  a  function,  which  will  generate  a  concept  description  to  be  added  to  the  individual  when  the  rule  is  fired. 
Thus,  the  description  that  is  merged  into  the  individual  is  not  specified  in  advance,  but  can  be  based  on  infor- 
mation  that  is  known  about  the  individual  at  the  time  the  rule  is  fired. 

A  filler  rule  is  similar  to  a  description  rule.  However,  the  filler  rule  also  takes  a  role,  and  the  function  gen- 
55  erates  a  list  of  fillers  for  the  role  on  the  individual  when  the  rule  is  fired. 
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ILLUSTRATIVE  EXAMPLE 

A  sample  knowledge  base  20  is  discussed  below  relative  to  FIGS.  2  through  10.  FIG.  2a  provides  a  graph- 
ical  illustration  of  the  hierarchical  relationship  of  each  of  the  objects  in  the  sample  knowledge  base  20  that  is 

5  defined  upon  execution  of  the  sample  source  code,  athlete-file,  shown  in  FIG.  2b,  by  the  knowledge  repre- 
sentation  system  15.  Each  of  the  concepts  in  FIG.  2a,  such  as  the  concepts  205  through  208,  are  presented 
in  FIG.  2a  in  a  rectangle  with  all  capital  letters.  Each  of  the  individuals  in  FIG.  2a,  such  as  the  individuals  210- 
211,  are  presented  in  FIG.  2a  in  an  oval  with  leading  capital  letters  only. 

As  is  well  known,  the  concepts  205-208  and  individuals  210-211  that  are  established  in  a  knowledge  base, 
10  such  as  the  sample  knowledge  base  20,  for  a  particular  domain  are  put  into  a  hierarchy,  as  illustrated  in  FIG. 

2a.  In  this  manner,  a  more  general  concept  will  be  above  a  more  specific  concept  in  the  hierarchy.  For  example, 
as  shown  in  FIG.  2a,  the  concept  PARENT  207  is  a  more  specific  concept  than  the  concept  PERSON  205, 
because  the  concept  PARENT  207  describes  a  particular  type  of  PERSON  205. 

Generally,  a  concept  is  classified  by  finding  the  concepts  that  are  the  "parents"  and  "children"  of  the  con- 
15  cept  being  classified,  as  well  as  finding  all  individuals  that  are  direct  instances  of  the  concept.  In  addition,  as 

discussed  further  below,  the  knowledge  representation  system  15  will  fire  any  rules  that  have  been  defined 
where  the  current  concept  is  the  antecedent  of  the  rule  on  all  individuals  that  satisfy  the  concept  and  any  rule 
filters. 

An  individual  210-211  is  found  in  the  hierarchy  underneath  all  of  the  concepts  205-208  in  the  hierarchy 
20  that  the  individual  satisfies.  An  individual  satisfies  a  concept  if  the  individual  satisfies  every  restriction  in  the 

concept  definition. 
The  sample  knowledge  base  20  is  defined  by  the  sample  source  code,  athlete-file,  shown  in  FIG.  2b.  Fol- 

lowing  execution  of  lines  110  through  120  of  the  sample  source  code,  athlete-file,  the  primitive  concepts  205- 
207  are  established  in  the  knowledge  base  20.  For  example,  the  concept  PARENT  207  that  appears  in  the 

25  hierarchy  of  FIG.  2a  is  defined  in  line  120  of  the  sample  source  code,  athlete-file,  to  be  a  type  of  the  concept 
PERSON  205  that  was  defined  in  line  110.  Thus,  as  indicated  in  FIG.  2a,  the  concept  PARENT  207  will  appear 
in  the  hierarchy  below  the  more  general  concept  PERSON  205. 

It  is  noted  that  while  a  defined  concept  is  described  by  a  set  of  necessary  and  sufficient  conditions,  a  prim- 
itive  concept  is  a  concept  that  is  defined  by  an  incomplete  list  of  necessary  conditions.  As  is  well  known,  for 

30  an  individual  or  a  more  specific  concept  to  be  classified  under  a  primitive  concept,  a  user  must  explicitly  state 
that  the  individual  or  more  specific  concept  is  an  instance  of  the  primitive  concept.  For  example,  the  primitive 
concept  ATHLETE  206  is  classified  in  the  hierarchy  of  FIG.  2a  below  the  primitive  concept  PERSON  205  be- 
cause  the  user  asserted  in  line  115  of  the  sample  source  code,  athlete-file,  shown  in  FIG.  2b,  that  ATHLETE 
206  is  defined  as  a  subtype  of  the  primitive  concept  PERSON  205. 

35  As  set  forth  in  line  105  of  the  sample  source  code,  athlete-file,  an  individual  in  the  sample  knowledge  base 
20  may  be  further  characterized  by  means  of  the  role  or  property,  child.  Thus,  a  user  may  specify  the  children 
of  an  individual  210-211  in  the  sample  knowledge  base  20. 

Finally,  the  sample  knowledge  base  20  includes  a  concept  PARENT-OF-ATHLETE  208  which  is  defined 
in  line  125  of  the  sample  source  code,  athlete-file,  by  a  compound  expression  requiring  that  the  individual  sat- 

40  isfy  the  PARENT  concept  207,  in  the  manner  described  above,  and  adds  an  additional  limitation  that  all  fillers 
of  the  child  role  of  the  individual  must  satisfy  the  concept  ATHLETE  206. 

Following  execution  of  line  160  of  the  sample  source  code,  athlete-file,  the  individuals  210-211  in  the  sam- 
ple  knowledge  base  20  are  created.  Following  execution  of  line  160,  an  individual,  Mary  211,  is  created  who 
is  asserted  to  satisfy  the  concept  PARENT-OF-ATHLETE  208  and  has  her  child  role  filled  by  the  individual, 

45  Bill  210.  Thus,  Mary  211  is  classified  under  the  concept  PARENT-OF-ATHLETE  208.  In  addition,  because  it 
has  been  asserted  that  all  of  Mary's  children  are  athletes,  the  knowledge  representation  system  15  may  infer 
that  the  filler  of  Mary's  child  role,  Bill  210,  is  an  ATHLETE.  Thus,  Bill  is  classified  under  the  ATHLETE  concept 
206,  as  shown  in  FIG.  2a. 

50  ILLUSTRATIVE  DATA  STRUCTURES 

FIGS.  3  through  10b  illustrate  a  number  of  illustrative  data  structures  for  maintaining  information  for  the 
individuals  or  concepts  that  have  been  created  in  the  sample  knowledge  base  20.  It  is  noted  that  the  data  struc- 
tures  discussed  below  are  illustrative  of  a  preferred  embodiment  only,  and  data  structures  having  different 

55  structures  or  content  could  be  utilized  without  departing  from  the  scope  or  spirit  of  the  invention,  as  would  be 
apparent  to  one  of  ordinary  skill  in  the  art. 

When  an  individual  or  concept  is  created  in  the  knowledge  base  20,  an  entry  is  created  in  a  symbol  table, 
such  as  the  symbol  table  300,  shown  in  FIG.  3.  The  illustrative  symbol  table  300  maintains  an  entry  for  each 
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symbolic  label  defined  in  the  sample  source  code,  athlete-file,  in  a  known  manner.  Each  entry  in  the  symbol 
table  300  identifies  the  associated  symbolic  label  and  includes  a  pointerto  a  top-level  data  structure  associated 
with  the  concept  or  individual.  For  example,  as  shown  in  FIG.  3,  the  symbol  table  300  includes  an  entry  335 
for  the  concept  PARENT-OF-ATHLETE  208,  which  includes  a  pointerto  the  top-level  data  structure  associated 

5  with  the  concept,  such  as  the  concept  data  structure  400,  discussed  further  below  in  conjunction  with  FIG.  4. 
Similarly,  as  shown  in  FIG.  3,  the  symbol  table  300  includes  an  entry  345  for  the  individual  Bill  210,  which 

includes  a  pointer  to  the  top-level  data  structure  associated  with  the  individual,  such  as  the  individual  data 
structure  500,  discussed  further  below  in  conjunction  with  FIG.  5. 

As  discussed  further  below,  each  concept  and  individual  that  has  been  established  in  the  knowledge  base 
10  20  will  have  an  associated  top  level  data  structure,  such  as  the  concept  data  structure  400  and  individual  data 

structure  500,  respectively.  In  addition,  each  concept  and  individual  will  have  a  number  of  associated  lower 
level  data  structures,  discussed  further  below  relative  to  FIGS.  6  through  10b.  According  to  a  preferred  em- 
bodiment,  each  of  the  types  of  lower  level  data  structures  discussed  in  FIGS.  6  through  1  0b  will  have  essen- 
tially  the  same  template  regardless  of  whether  the  data  structure  is  associated  with  a  concept  or  an  individual. 

15  For  example,  the  told  descriptor  data  structure  600,  discussed  below  in  conjunction  with  FIG.  6,  will  preferably 
have  the  same  data  fields  regardless  of  whether  the  told  descriptor  data  structure  600  is  associated  with  a 
concept  or  an  individual. 

As  previously  indicated,  each  concept  that  is  defined  in  the  knowledge  base  20  has  an  associated  top- 
level  data  structure,  such  as  the  illustrative  concept  data  structure  400  shown  in  FIG.  4.  The  illustrative  concept 

20  data  structure  400  has  been  populated  with  information  associated  with  the  concept  PARENT-OF-ATHLETE 
208.  In  a  preferred  embodiment,  each  concept  data  structure  400  contains  fields  405,  410,  420,  430,  440  and 
450,  discussed  further  below,  for  directly  storing  information  on  the  associated  concept.  In  addition,  each  con- 
cept  data  structure  400  includes  additional  fields  460,  470  and  480,  discussed  further  below,  for  storing  poin- 
ters  to  additional  lower  level  data  structures  containing  additional  information  for  the  concept. 

25  As  shown  in  FIG.  4,  the  concept  data  structure  400  includes  a  field  405  for  indicating  whether  the  asso- 
ciated  concept  is  itself  a  primitive  concept.  Since  the  concept  PARENT-OF-ATHLETE  208  is  not  a  primitive 
concept,  the  entry  in  field  405  has  been  set  to  F  or  FALSE.  In  addition,  the  parent  and  child  concepts  of  the 
particular  concept  associated  with  the  concept  data  structure  400  are  stored  in  the  fields  410  and  420,  respec- 
tively.  As  indicated  in  FIG.  2a,  the  parent  concept  of  the  concept  PARENT-OF-ATHLETE  208  is  the  concept 

30  PARENT  207,  and  the  concept  PARENT-OF-ATHLETE  208  does  not  have  any  child  concepts. 
Further,  the  concept  data  structure  400  includes  a  field  430  that  stores  the  list  of  individuals  that  are  direct 

instances  of  the  current  concept.  As  indicated  in  FIG.  2a,  the  only  instances  of  the  concept  PARENT-OF-ATH- 
LETE  208  is  the  individual  Mary  211.  Thus,  the  information  that  is  stored  in  the  fields  410,  420  and  430  is  rel- 
evant  to  the  hierarchical  representation  of  the  knowledge  base  20,  such  as  the  hierarchy  shown  in  FIG.  2a. 

35  In  addition,  each  concept  data  structure  400  includes  a  field  440  for  listing  all  of  the  local  rules  for  which 
the  current  concept  is  the  antecedent  of  the  rule,  as  described  above.  The  field  450  lists  all  of  the  rules  that 
are  applicable  to  the  current  concept,  including  the  local  rules  that  are  listed  in  the  field  440,  as  well  as  a  list 
of  the  additional  rules  that  are  applicable  to  the  associated  concept  through  its  more  general  parent  concepts. 

Finally,  each  concept  data  structure  400  preferably  includes  three  fields  460,  470  and  480  which  contain 
40  pointers  to  lower  level  data  structures  containing  further  information  associated  with  the  current  concept.  A 

pointer  to  a  derived  concept  descriptor  (DCD)  data  structure  800,  discussed  further  below  relative  to  FIG.  8, 
is  stored  in  the  field  460.  A  pointer  to  a  told  concept  descriptor  (TCD)  data  structure  600,  discussed  further 
below  relative  to  FIG.  6,  is  stored  in  the  field  470.  Finally,  a  pointer  back  to  the  entry  335  for  the  current  concept 
in  the  symbol  table  300,  shown  in  FIG.  3,  is  stored  in  the  field  480. 

45  As  previously  indicated,  each  individual  that  is  defined  in  the  knowledge  base  20  has  an  associated  top- 
level  data  structure,  such  as  the  illustrative  individual  data  structure  500  shown  in  FIG.  5.  The  illustrative  in- 
dividual  data  structure  500  has  been  populated  with  information  associated  with  the  individual  Bill  210.  In  a 
preferred  embodiment,  each  individual  data  structure  500  contains  fields  510,  520,  530,  540,  550  and  560, 
discussed  further  below,  for  directly  storing  information  on  the  associated  individual.  In  addition,  each  individ- 

50  ual  data  structure  500  includes  additional  fields  570,  580  and  590,  discussed  further  below,  for  storing  pointers 
to  additional  lower  level  data  structures  containing  further  information  for  the  associated  individual. 

As  shown  in  FIG.  5,  a  listing  of  the  parent  concepts  that  the  individual  associated  with  the  individual  data 
structure  500  satisfies  are  stored  in  the  field  510.  As  indicated  in  FIG.  2a,  the  individual  Bill  210  satisfies  the 
parent  concept  ATHLETE  206.  Thus,  the  information  that  is  stored  in  the  field  51  0  is  relevant  to  the  hierarchical 

55  representation  of  the  knowledge  base  20,  such  as  the  hierarchy  shown  in  FIG.  2a. 
It  is  noted  that  a  knowledge  representation  system  15  typically  calculates  and  maintains  the  dependency 

relationships  between  pieces  of  information  in  the  knowledge  base  20  in  order  to  efficiently  update  related 
information  that  is  dependent  upon  information  that  is  added  or  updated  in  the  knowledge  base  20.  The  de- 
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pendency  information  associated  with  the  current  individual  is  preferably  stored  in  the  field  520.  For  a  detailed 
discussion  of  the  manner  in  which  a  knowledge  representation  system  15  maintains  dependency  information, 
and  in  particular,  the  maintenance  of  dependency  information  that  is  implicated  upon  execution  of  user-defined 
procedural  test  functions,  see  our  contemporaneously  filed  U.S.  Patent  Application  Serial  No.  08/247,722,  en- 

5  titled  "KNOWLEDGE  BASE  SYSTEM  WITH  DEPENDENCY  INFORMATION  FOR  PROCEDURAL  TESTS", 
(Attorney  Docket  No.  McGuinness  1-1-1),  which  is  assigned  to  the  assignee  of  the  present  invention,  and  in- 
corporated  herein  by  reference. 

As  is  well  known,  information  about  one  individual  may  be  propagated  to  another  individual.  For  example, 
as  discussed  above  relative  to  FIGS.  2a  and  2b,  the  fact  that  Bill  210  was  an  ATHLETE  206  was  propagated 

10  onto  Bill  210  from  Mary  211  .  Thus,  as  discussed  further  below,  the  knowledge  representation  system  15  pre- 
ferably  maintains  a  listing  of  propagations  and  inverse-role  propagations  that  are  propagated  into  and  out  of 
the  current  individual  in  the  fields  530,  540,  550  and  560. 

In  a  preferred  embodiment,  if  a  piece  of  derived  information  is  calculated  during  normalization  foran  indi- 
vidual  based  on  a  propagation,  the  knowledge  representation  system  15  will  preferably  generate  a  propagation 

15  list  associated  with  the  piece  of  propagated  information  and  place  the  propagation  list  in  the  "propagations  in" 
field  530  of  the  individual's  data  structure  500.  The  generated  propagation  list  preferably  includes  an  indication 
of  the  individual  the  information  was  propagated  from,  the  role-path  along  which  the  information  was  propa- 
gated,  and  the  information  that  was  actually  propagated,  as  shown  in  FIG.  5  for  the  individual  Bill  21  0. 

In  addition,  if  a  piece  of  derived  information  is  calculated  during  normalization  foran  individual  based  on 
20  a  inverse-role  propagation,  the  knowledge  representation  system  15  will  preferably  generate  an  inverse-role 

propagation  list  associated  with  the  piece  of  propagated  information  and  place  the  generated  propagation  list 
in  the  "inverse-role  propagations  in"  field  550  of  the  individual's  data  structure  500.  The  generated  inverse- 
role  propagation  list  preferably  includes  an  indication  of  the  individual  from  which  the  information  was  propa- 
gated  from,  and  an  indication  of  the  role  that  the  information  was  propagated  along. 

25  For  example,  if  a  sample  knowledge  base  20  has  defined  the  roles  Husband  and  Wife  to  be  inverse-roles 
and  a  user  has  asserted  that  an  individual,  Bob,  has  a  wife,  Mary,  then  Mary's  husband  must  be  Bob.  Thus, 
Mary's  husband  role  is  filled  with  Bob  during  normalization  and  an  inverse-role  propagation  list  is  created  listing 
that  the  information  was  propagated  from  Bob  into  Mary's  husband  role. 

Finally,  each  individual  data  structure  500  preferably  includes  three  fields  570,  580  and  590  which  contain 
30  pointers  to  lower  level  data  structures  which  contain  additional  information  on  the  associated  individual.  Spe- 

cifically,  a  pointer  to  a  derived  individual  descriptor  (DID)  data  structure  800,  discussed  further  below  relative 
to  FIG.  8,  is  stored  in  the  field  570.  A  pointer  to  a  told  individual  descriptor  (TID)  data  structure  600,  discussed 
further  below  relative  to  FIG.  6,  is  stored  in  the  field  580.  Finally,  a  pointer  back  to  the  entry,  such  as  the  entry 
345,  for  the  current  individual  in  the  symbol  table  300,  shown  in  FIG.  3,  is  stored  in  the  field  590. 

35  An  illustrative  told  descriptor  data  structure  600,  shown  in  FIG.  6,  preferably  stores  the  told  information 
that  has  been  asserted  by  the  user  about  the  associated  concept  or  individual.  It  is  noted  that  when  a  told  de- 
scriptor  data  structure  600  is  associated  with  a  concept  it  may  be  referred  to  as  a  told  concept  descriptor  (TCD). 
Similarly,  when  a  told  descriptor  data  structure  600  is  associated  with  an  individual  it  may  be  referred  to  as  a 
told  individual  descriptor  (TID).  As  previously  indicated,  the  told  descriptor  data  structure  600  for  a  particular 

40  object  is  accessed  by  retrieving  the  appropriate  pointerf  rom  the  respective  entry  in  the  top  level  data  structure, 
such  as  from  the  field  470  of  the  concept  data  structure  400  for  a  concept  or  from  the  field  580  of  the  individual 
data  structure  500  for  an  individual,  shown  in  FIGS.  4  and  5,  respectively. 

Each  told  descriptor  data  structure  600  will  include  afield  610  for  storing  each  of  the  parent  concepts  that 
the  associated  object  has  been  asserted  to  satisfy.  In  addition,  the  told  descriptor  data  structure  600  preferably 

45  includes  fields  620,  630,  640,  650  and  660  for  storing  the  asserted  restrictions  associated  with  the  one-of,  test, 
min,  max,  and  same-as  aspects  of  the  associated  object,  respectively.  Finally,  each  told  descriptor  data  struc- 
ture  600  includes  a  field  670  for  storing  a  list  of  pointers  to  the  told  role  restriction  (TRR)  data  structure,  such 
as  the  data  structure  700  illustrated  in  FIG.  7,  for  storing  the  asserted  information  on  each  defined  role  for  the 
current  object.  As  discussed  below,  a  told  role  restriction  (TRR)  data  structure  700  is  preferably  associated 

so  with  each  role  and  particular  object  in  the  knowledge  base  20  where  the  role  has  been  restricted  on  the  object. 
For  example,  the  told  descriptor  data  structure  (TCD)  600  associated  with  the  concept  PARENT-OF-ATH- 

LETE  208  will  have  its  parent  concepts  field  610  populated  with  the  concept  PARENT  207,  because  the  concept 
PARENT-OF-ATHLETE  208  was  asserted  in  line  125  of  the  source  code,  athlete-file,  to  be  a  subtype  of  the 
concept  PARENT  207. 

55  An  illustrative  told  role  restriction  (TRR)  data  structure  700,  shown  in  FIG.  7,  associated  with  a  particular 
role  and  object,  preferably  stores  the  told  information  that  has  been  asserted  by  the  user  for  the  object  about 
the  particular  role.  As  previously  indicated,  the  told  role  restriction  (TRR)  data  structure  700  for  a  particular 
role  is  accessed  by  retrieving  the  appropriate  pointer  from  the  TRR  pointer  field  670  in  the  told  descriptor  data 
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structure  600  associated  with  the  object. 
Each  told  role  restriction  (TRR)  data  structure  700  will  preferably  include  fields  710,  720,  730,  and  740 

for  storing  the  asserted  restrictions  associated  with  the  at-least,  at-most,  fills  and  all  aspects  of  the  associated 
role  and  object,  respectively.  In  addition,  an  indication  of  the  role  identifier  will  be  stored  in  the  field  705. 

5  For  example,  the  told  role  restriction  (TRR)  data  structure  700  associated  with  the  child  role  of  the  indi- 
vidual  Mary  211  will  have  its  fills  field  730  populated  with  the  individual  Bill  210,  because  the  individual  Mary 
211  was  asserted  in  line  160  of  the  source  code,  athlete-file,  to  have  its  child  role  filled  with  Bill  210. 

An  illustrative  derived  descriptor  data  structure  800,  shown  in  FIG.  8,  preferably  stores  the  derived  infor- 
mation  that  has  been  inferred  about  the  current  object.  It  is  noted  that  when  a  derived  descriptor  data  structure 

10  800  is  associated  with  a  concept  it  may  be  referred  to  as  a  derived  concept  descriptor  (DCD).  Similarly,  when 
a  derived  descriptor  data  structure  800  is  associated  with  an  individual  it  may  be  referred  to  as  a  derived  in- 
dividual  descriptor  (DID).  As  previously  indicated,  the  derived  descriptor  data  structure  800  for  a  particular  ob- 
ject  is  accessed  by  retrieving  the  appropriate  pointer  from  the  respective  entry  in  the  top  level  data  structure, 
such  as  the  field  460  of  the  concept  data  structure  400  for  a  concept  orfield  570  of  the  individual  data  structure 

15  500  for  an  individual,  shown  in  FIGS.  4  and  5,  respectively. 
Each  derived  descriptor  data  structure  800  will  include  a  field  810  for  storing  each  of  the  primitive  concepts 

that  the  associated  object  has  been  asserted  to  satisfy  or  received  through  other  inferences,  such  as  inheri- 
tance.  In  addition,  the  derived  descriptor  data  structure  800  preferably  includes  fields  820,  830,  840,  850  and 
860  for  storing  the  restrictions  associated  with  the  one-of,  test,  min,  max,  and  same-as  aspects  of  the  asso- 

20  ciated  object,  respectively.  Each  derived  descriptor  data  structure  800  also  includes  a  field  870  for  storing  a 
list  of  pointers  to  derived  role  restriction  (DRR)  data  structures,  such  as  the  data  structure  900  illustrated  in 
FIG.  9.  As  discussed  below,  a  derived  role  restriction  (DRR)  data  structure  900  is  preferably  associated  with 
each  role  and  particular  object  in  the  knowledge  base  20  where  the  role  has  been  restricted  on  the  object.  Fi- 
nally,  each  derived  descriptor  data  structure  800  also  includes  a  field  890  for  storing  a  pointer  to  an  explanation 

25  derived  descriptor  (EDD)  data  structure  1  000  which  will  store  explanation  information  for  the  associated  infor- 
mation  stored  in  the  other  fields  of  the  derived  descriptor  800. 

An  illustrative  derived  role  restriction  (DRR)  data  structure  900,  shown  in  FIG.  9,  associated  with  a  par- 
ticular  role  and  object,  preferably  stores  the  information  that  has  been  derived  for  the  object  about  the  particular 
role.  As  previously  indicated,  the  derived  role  restriction  (DRR)  data  structure  900  for  a  particular  role  and  ob- 

30  ject  is  accessed  by  retrieving  the  appropriate  pointer  from  the  DRR  pointer  field  870  in  the  derived  descriptor 
data  structure  800  associated  with  the  object. 

Each  derived  role  restriction  (DRR)  data  structure  900  will  preferably  include  fields  910,  920,  930,  and 
940  for  storing  the  derived  restrictions  associated  with  the  at-least,  at-most,  fills  and  all  aspects  of  the  asso- 
ciated  role  and  object,  respectively.  In  addition,  an  indication  of  the  role  identifier  will  be  stored  in  the  field 

35  905.  Further,  each  derived  role  restriction  (DRR)  data  structure  900  also  includes  a  field  950  for  storing  a  poin- 
ter  to  an  explanation  DRR  data  structure  1  050  which  may  store  explanation  information  for  the  associated  in- 
formation  stored  in  the  other  fields  of  the  derived  role  restriction  (DRR)  data  structure  900. 

For  example,  the  derived  role  restriction  (DRR)  data  structure  900  associated  with  the  child  role  of  the 
individual  Mary  211  will  have  the  all  field  940  populated  with  an  indication  that  all  of  Mary's  children  must  be 

40  athletes.  This  information  has  been  inherited  from  the  concept  PARENT-OF-ATHLETE  208,  which  Mary  has 
been  asserted  to  satisfy. 

An  illustrative  explanation  derived  descriptor  (EDD)  data  structure  1000  is  shown  in  FIG.  10a.  As  previ- 
ously  indicated,  the  explanation  derived  descriptor  (EDD)  data  structure  1  000  will  store  explanation  information 
for  the  information  stored  in  the  derived  descriptor  800  associated  with  a  particular  object,  in  a  manner  descri- 

45  bed  further  below.  Thus,  the  explanation  derived  descriptor  (EDD)  data  structure  1000  preferably  includes 
many  of  the  same  fields  as  the  derived  descriptor  800  for  storing  the  corresponding  explanation  information. 
Specifically,  the  explanation  derived  descriptor  (EDD)  data  structure  1000  preferably  includes  fields  1010, 
1015,  1020,  1025,  1030  and  1035  for  storing  the  explanation  on  the  primitive,  one-of,  test,  min,  max  and  same- 
as  aspects,  respectively.  For  example,  the  primitive  field  1010  in  the  explanation  derived  descriptor  (EDD)  data 

so  structure  1000  will  include  explanation  information  that  explains  where  the  information  in  the  primitives  field 
810  of  the  derived  descriptor  800  was  obtained  from. 

An  illustrative  explanation  DRR  data  structure  1  050  is  shown  in  FIG.  10b.  As  previously  indicated,  the  ex- 
planation  DRR  data  structure  1050  will  store  explanation  information  for  the  information  stored  in  the  derived 
role  restriction  (DRR)  data  structure  900  associated  with  a  particular  object  and  role,  in  a  manner  described 

55  further  below.  Thus,  the  explanation  DRR  data  structure  1  050  preferably  includes  many  of  the  same  fields  as 
the  derived  role  restriction  (DRR)  data  structure  900  for  storing  the  corresponding  explanation  information. 
Specifically,  the  explanation  DRR  data  structure  1050  preferably  includes  fields  1060,  1065,  1070  and  1075 
for  storing  explanations  on  the  restrictions  associated  with  the  at-least,  at-most,  fills  and  all  aspects  of  the  as- 
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sociated  role  and  object,  respectively.  For  example,  the  at  least  field  1060  in  the  explanation  DRR  data  struc- 
ture  1050  will  include  explanation  information  that  explains  where  the  information  in  the  at  least  field  910  of 
the  derived  role  restriction  (DRR)  data  structure  900  was  obtained  from. 

5  EXPLANATION  SUBSYSTEM  PROCESSES 

As  previously  indicated,  the  explanation  subsystem  45  includes  a  number  of  functions  for  providing  various 
explanation  facilities.  Af  irst  level  explanation  function  50,  discussed  below  in  a  subsection  entitled  First  Level 
Explanation  Function,  provides  a  user  with  an  explanation  of  where  the  derived  information  that  is  stored  for 

10  an  object  in  the  knowledge  base  20  was  obtained  from.  While  the  first  level  explanation  function  50  will  explain 
the  immediate  source  of  a  piece  of  information,  the  first  level  explanation  will  not  explain  how  the  immediate 
source  of  the  information  in  turn  received  the  information,  as  discussed  further  below. 

In  addition,  an  object  subsumption  explanation  function  65  and  a  rule  firing  explanation  function  70,  dis- 
cussed  below  in  a  subsection  entitled  Explanation  of  Subsumption  Inferences,  provide  a  user  with  an  explan- 

15  ation  of  subsumption  inferences.  In  otherwords,  these  functions  provide  an  indication  of  why  a  particular  object 
in  the  knowledge  base  20  is  subsumed  by  a  particular  concept  or  rule  antecedent. 

According  to  another  feature  of  the  invention,  a  complete  explanation  function  55,  discussed  further  below 
in  a  subsection  entitled  Complete  Explanation  Function,  provides  a  user  with  a  complete  explanation  of  the 
source  of  information  by  tracing  back  the  source  of  each  piece  of  information  until  it  reaches  the  point  that  the 

20  source  of  the  information  is  told  information  which  has  been  asserted  by  the  user  or  is  the  result  of  a  rule  firing. 
According  to  yet  another  feature  of  the  invention,  the  explanation  that  is  generated  by  the  various  explan- 

ation  functions  may  be  limited  in  a  number  of  ways.  First,  when  a  user  requests  either  a  first  level  explanation 
or  a  complete  explanation  for  an  object  in  the  knowledge  base  20,  the  user  can  specify  on  the  command  line 
that  the  explanation  should  be  limited  to  a  particular  role-path  or  aspect.  In  addition,  the  pruning  variables  dis- 

25  cussed  above  allow  a  user  to  limit  the  scope  of  the  explanation  in  a  number  of  ways.  In  this  manner,  the  ex- 
planation  output  that  is  presented  to  the  user  is  more  manageable,  and  is  limited  to  the  information  that  the 
particular  user  is  interested  in. 

It  is  noted  that  the  various  ways  discussed  below  in  which  explanation  may  be  limited  is  for  illustrative  pur- 
poses  only.  Additional  pruning  variables  could  be  added  as  desired,  as  would  be  apparent  to  one  skilled  in  the 

30  art  based  on  the  discussion  which  follows.  In  addition,  a  mechanism  could  be  added  to  the  processes  which 
follow  such  that  a  user  could  request  on  the  command  line  that  the  explanation  that  is  generated  be  limited  to 
a  discussion  of  one  particular  filler  of  a  particular  aspect.  In  this  manner,  the  explanation  subsystem  45  will 
only  generate  explanation  objects  that  are  relevant  to  the  requested  aspect  filler. 

35  First  Level  Explanation  Function 

As  illustrated  in  FIG.  11,  the  first  level  explanation  function  50  embodying  principles  of  the  present  inven- 
tion  will  be  entered  at  step  1100.  As  previously  indicated,  each  object  in  the  knowledge  base  20  will  have  as- 
sociated  explanation  data  structures  for  storing  explanation  information  for  the  associated  object.  Specifically, 

40  each  object  in  the  knowledge  base  20  will  have  an  associated  explanation  derived  descriptor  (EDD)  data  struc- 
ture  1000,  shown  in  FIG.  10a,  for  explaining  the  information  that  is  stored  in  the  derived  descriptor  data  struc- 
ture  (DCD/DID)  800  associated  with  the  object  being  explained.  In  addition,  for  each  role  defined  in  the  knowl- 
edge  base  20,  the  object  will  have  an  explanation  DRR  (EDRR)  data  structure  1050,  shown  in  FIG.  10b,  for 
explaining  the  information  that  is  stored  in  the  associated  derived  role  restriction  (DRR)  data  structure  900  for 

45  the  object. 
Each  of  the  EDD  and  EDRR  data  structures  associated  with  the  current  object  being  explained  are  pre- 

ferably  cleared  during  step  1110.  Thereafter,  a  setup  explanation  structure  function  58,  discussed  below  in 
conjunction  with  FIG.  12,  is  executed  during  step  1120.  As  discussed  below,  the  setup  explanation  structure 
function  58  will  clear  out  all  of  the  derived  information  that  is  known  for  the  current  object  being  explained  and 

so  will  then  recalculate  each  piece  of  the  derived  information.  Generally,  as  each  piece  of  derived  information  is 
recalculated,  the  setup  explanation  structure  function  58  will  generate  one  or  more  explanation  objects  that 
explain  how  the  piece  of  derived  information  was  obtained.  The  generated  explanation  objects  will  be  placed 
in  the  appropriate  field  of  the  explanation  data  structures,  EDD  and  EDRRs,  that  correspond  to  the  piece  of 
explained  information.  Each  explanation  object  generated  by  the  setup  explanation  structure  function  58  will 

55  indicate  the  inference  that  created  the  piece  of  information  for  the  current  object  being  explained. 
After  execution  of  the  setup  explanation  structure  function  58,  the  first  level  explanation  function  50  will 

print  out  the  explanation  information  during  step  1130.  For  each  explanation  object  that  was  created  during 
execution  of  the  setup  explanation  structure  function  58,  the  first  level  explanation  function  50  will  print  out 
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an  explanation  with  a  message  that  is  appropriate  for  the  particular  type  of  inference  associated  with  the  ex- 
planation  object.  As  indicated  in  FIG.  1,  an  explanation  text  library  90  is  preferably  maintained  which  contains 
an  appropriate  text  message  for  each  inference  type. 

In  a  preferred  embodiment,  a  pruning  variable  can  be  provided  under  user  control  to  limit  the  number  of 
5  expressions  printed  in  any  sequence  to  a  previously  specified  amount.  For  example,  if  a  concept  definition  is 

comprised  of  a  number  of  components,  and  if  the  print  pruning  variable  has  been  set  to  indicate  that  the  print 
length  should  be  limited  to  three  items,  then  only  the  first  three  items  in  the  concept  definition  should  be  printed. 

After  each  of  the  generated  explanation  objects  have  been  printed  out,  program  control  will  proceed  to 
step  1140,  where  execution  of  the  first  level  explanation  function  50  will  terminate. 

10  As  illustrated  in  FIG.  12a,  the  setup  explanation  structure  function  58  embodying  principles  of  the  present 
invention  will  be  entered  at  step  1200.  It  is  noted  that  the  setup  explanation  structure  function  58  will  be  entered 
from  the  first  level  explanation  function  50,  as  discussed  above,  or  from  the  complete  explanation  function 
55,  as  discussed  below  in  conjunction  with  FIG.  17.  In  addition,  the  setup  explanation  structure  function  58 
could  be  executed,  on  its  own,  without  performing  the  first  level  explanation  function  50  or  the  complete  ex- 

15  planation  function  55,  in  order  to  setup  desired  explanation  structures. 
As  previously  indicated,  the  setup  explanation  structure  function  58  will  clear  out  all  of  the  derived  infor- 

mation  that  is  known  for  the  current  object  being  explained  and  then  recalculate  each  piece  of  the  derived  in- 
formation  while  maintaining  an  indication  of  how  the  piece  of  rederived  information  was  obtained.  The  gener- 
ated  explanation  objects  will  be  placed  in  the  appropriate  field  of  the  explanation  data  structures,  EDD  and 

20  EDRRs,  that  correspond  to  the  piece  of  explained  information.  It  is  noted  that  the  setup  explanation  structure 
function  58  is  merely  illustrative  of  one  implementation,  and  the  order  in  which  particular  inferences  are  proc- 
essed  generally  does  not  matter. 

The  setup  explanation  structure  function  58  includes  a  preliminary  rule  analysis  section  which  is  per- 
formed  during  steps  1202-1212.  The  preliminary  rule  analysis  section  is  executed  prior  to  deleting  the  derived 

25  information  during  step  1214  on  the  current  object  being  explained  because  some  of  the  derived  information 
may  be  necessary  to  evaluate  the  rule  filters,  if  any,  which  may  be  associated  with  the  rules. 

As  is  well  known,  rules  in  a  knowledge  representation  system  1  5  are  only  fired  on  individuals.  Thus,  a  test 
is  performed  during  step  1202  to  determine  if  the  current  object  being  explained  is  an  individual.  If  it  is  deter- 
mined  during  step  1202  that  the  current  object  being  explained  is  not  an  individual,  but  rather  is  a  concept,  the 

30  preliminary  rule  analysis  section  is  not  applicable  and  program  control  will  proceed  to  the  normalization  sec- 
tion,  which  begins  at  step  1214. 

If,  however,  it  is  determined  during  step  1202  that  the  current  object  being  explained  is  an  individual,  the 
rules  that  are  potentially  applicable  to  the  current  individual  being  explained  are  identified  during  step  1204. 
As  previously  indicated,  the  data  structure  associated  with  each  of  the  parent  concepts  that  the  current  indi- 

35  vidual  satisfies,  such  as  the  concept  data  structure  400  shown  in  FIG.  4,  may  be  accessed  by  first  referring 
to  the  "parent  concepts"  field  510  in  the  data  structure  associated  with  the  current  individual,  such  as  the  in- 
dividual  data  structure  500  shown  in  FIG.  5.  Thereafter,  the  list  of  applicable  rules  may  be  retrieved  from  the 
field  450  of  each  parent  concept  that  the  individual  satisfies. 

The  individual  will  be  evaluated  against  each  of  the  potentially  applicable  rules  during  steps  1206  through 
40  1210  to  determine  if  the  rule  fired  on  this  individual.  A  test  is  performed  during  step  1206  to  determine  if  the 

current  individual  satisfies  the  filter,  if  any,  of  each  potentially  applicable  rule.  If  it  is  determined  during  step 
1206  that  the  individual  does  not  satisfy  the  filter,  if  any,  of  the  potentially  applicable  rule,  then  program  control 
will  proceed  to  step  1212. 

If,  however,  it  is  determined  during  step  1206  that  the  individual  does  satisfy  the  filter,  if  any,  of  the  po- 
45  tentially  applicable  rule,  then  if  the  rule  includes  a  function  as  part  of  the  rule  definition,  in  other  words,  for 

description  and  filler  rules,  the  function  is  performed  on  the  individual  during  step  1208,  and  the  function  result 
is  obtained.  Thereafter,  the  rule  identifier  and  function  result,  if  any,  are  added  onto  a  local  variable,  rule-list, 
during  step  1210. 

Atest  is  performed  during  step  1212  to  determine  if  there  are  additional  potentially  applicable  rules  to  be 
so  tested.  If  it  is  determined  during  step  1212  that  there  are  additional  potentially  applicable  rules  to  be  tested, 

program  control  will  return  to  step  1206  and  proceed  in  the  manner  described  above. 
If,  however,  it  is  determined  during  step  1212  that  there  are  no  additional  potentially  applicable  rules  to  be 

tested,  program  control  will  proceed  to  the  normalization  section  beginning  at  step  1214. 
The  derived  information  that  has  been  stored  in  the  data  structures  for  the  current  object  being  explained, 

55  such  as  in  the  derived  descriptor  (DCD/DID)  800  shown  in  FIG.  8  and  the  derived  role  restriction  data  structure 
900  for  each  of  the  roles  of  the  object,  are  preferably  deleted  during  step-1214. 

Thereafter,  the  derived  information  for  the  object  being  explained  is  recalculated  during  step  1218  in  a  con- 
ventional  manner.  The  setup  explanation  structure  function  58  will  preferably  process  each  of  the  normaliza- 
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tion  inferences  listed  in  Appendix  1  during  steps  1220-1226,  in  order  to  determine  if  the  information  stored  for 
the  current  object  being  explained  satisfy  the  conditions  of  any  inferences  listed  in  Appendix  1  .  If  it  is  determined 
that  the  conditions  of  one  or  more  inferences  are  satisfied,  the  appropriate  inferred  information  is  placed  in 
the  appropriate  data  structure,  and  an  explanation  object  indicating  the  inference  type  and  inference  argu- 

5  ments,  if  any,  is  generated  to  explain  the  source  of  the  piece  of  inferred  information. 
Thus,  the  current  inference  is  retrieved  during  step  1220  from  Appendix  1,  together  with  the  conditions 

necessary  to  implicate  the  inference.  Thereafter,  a  test  is  performed  during  step  1222  to  determine  if  the  current 
inference  is  satisfied.  If  it  is  determined  during  step  1222  that  the  current  inference  is  not  satisfied,  program 
control  will  proceed  to  step  1226,  discussed  below. 

10  If,  however,  it  is  determined  during  step  1222  that  the  current  inference  is  satisfied,  then  the  appropriate 
inferred  information  is  placed  in  the  proper  field  of  the  appropriate  data  structure  during  step  1224,  in  accor- 
dance  with  the  information  provided  in  Appendix  1.  Thereafter,  an  explanation  object  is  created  during  step 
1225  with  the  current  inference  type  and  appropriate  inference  arguments,  if  any,  as  indicated  in  the  entry  of 
Appendix  1  for  the  current  inference  type.  The  created  explanation  object  is  placed  in  the  corresponding  ex- 

15  planation  structure,  EDD  or  EDRR,  during  step  1225. 
A  test  is  performed  during  step  1226  to  determine  if  there  are  additional  inferences  in  Appendix  1  to  be 

evaluated.  If  it  is  determined  during  step  1226  that  there  are  additional  inferences  to  be  evaluated,  program 
control  will  return  to  step  1220  and  proceed  in  the  manner  described  above. 

If,  however,  it  is  determined  during  step  1226  that  there  are  no  additional  inferences  in  Appendix  1  to  be 
20  evaluated,  program  control  will  proceed  to  step  1  240  in  order  to  process  the  derived  information  that  has  been 

told  by  the  user  or  inherited  from  told  information. 
The  explanation  for  the  told  information  that  has  been  asserted  by  the  user  about  the  current  object  being 

explained,  as  well  as  the  explanation  of  information  that  has  been  inherited  from  concepts  which  the  user  has 
asserted  that  the  current  object  satisfies,  is  processed  during  step  1240  by  an  explanation  object  generation 

25  function  60,  discussed  further  below  in  conjunction  with  FIGS.  13a  through  13i.  In  order  that  the  explanation 
object  generation  function  60  can  compare  the  told  information  with  the  derived  information  to  identify  the 
pieces  of  the  derived  information  which  came  from  told  information,  the  explanation  object  generation  function 
60  will  be  passed  the  told  descriptor  (TCD/TID)  600  and  the  derived  descriptor  (DCD/DID)  800  of  the  current 
object  being  explained,  such  as  the  data  structures  shown  in  FIGS.  6  and  8,  respectively. 

30  Thereafter,  the  setup  explanation  structure  function  58  will  process  the  "same-as"  normalization  inferenc- 
es  listed  in  Appendix  2  during  steps  1241-1253.  In  the  CLASSIC™  Knowledge  Representation  System,  a  same- 
as  restriction  may  only  be  applied  to  an  attribute,  which  is  a  particular  type  of  role  having  at  most  one  filler, 
such  as  the  Sex  role,  which  may  have  the  filler  male  or  female.  Applied  to  the  present  invention,  a  same-as 
restriction  can  be  defined  for  an  individual  in  the  knowledge  base  20  so  that  the  filler  of  the  individual's  best 

35  friend  role  is  the  same  as  the  filler  of  the  individual's  lawyer  role,  meaning  that  the  individual's  lawyer  is  also 
her  best  friend,  and  vice  versa. 

Once  a  same-as  restriction  is  applied  to  a  particular  role,  it  may  be  inferred,  based  on  the  inference,  same- 
as-implies-at-least-1  ,  that  there  is  at  least  one  filler  for  each  role  in  the  two  role  paths  indicated  in  the  same 
as  restriction.  It  is  noted  that  a  particular  role-path  may  include  more  than  one  role.  For  example,  the  role-path 

40  "best  friend's  father"  includes  the  roles,  best  friend,  and  also  the  final  role  in  the  role-path,  father  of  the  best 
friend. 

Thus,  the  same-as  restriction  is  retrieved  during  step  1241  from  the  same-as  field  860  of  the  derived  de- 
scriptor  data  structure  (DCD/DID)  800  of  the  object  being  explained.  Thereafter,  the  setup  explanation  struc- 
ture  function  58  will  retrieve  during  step  1243  each  DRR  associated  with  each  role  in  the  two  role-paths.  An 

45  "at  least  1"  restriction  is  preferably  placed  in  the  at  least  field  910  of  the  current  DRR  during  step  1244.  In  ad- 
dition,  an  explanation  object  is  created  during  step  1245  to  identify  the  source  of  the  "at  least  1"  restriction  by 
indicating  that  the  inference  type  is  the  inference,  same-as-implies-at-least-1  ,  together  with  the  inference  ar- 
guments  listed  in  Appendix  2.  The  created  explanation  object  is  placed  in  the  at  least  field  1060  of  the  corre- 
sponding  EDRR  (FIG.  10b). 

so  Thereafter,  a  test  is  performed  during  step  1246  to  determine  if  there  are  additional  DRRs  to  be  processed. 
If  it  is  determined  during  step  1246  that  there  are  additional  DRRs  to  be  processed,  program  control  will  return 
to  step  1244  and  continue  in  the  manner  described  above.  If,  however,  it  is  determined  during  step  1246  that 
there  are  no  additional  DRRs  to  be  processed,  program  control  will  proceed  to  step  1248,  discussed  below. 

In  addition,  due  to  other  same-as  inferences  discussed  below,  the  fills  field  930  and  the  all  field  940  of 
55  the  final  DRR  (FIG.  9)  in  each  of  the  two  same-as  role  paths  must  be  populated  with  the  same  information. 

Thus,  the  restrictions  of  the  fills  field  930  in  each  of  the  final  DRRs  along  the  two  role-paths  are  merged  during 
step  1248,  to  place  the  same  information  in  both  fields.  Thereafter,  an  explanation  object  is  created  during  step 
1250  to  identify  the  source  of  the  merged  fills  restriction  by  indicating  that  the  inference  type  is  the  inference, 
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same-as-implies-filler,  together  with  the  inference  arguments  listed  in  Appendix  2.  The  created  explanation  ob- 
ject  is  placed  in  the  fills  field  1070  of  the  corresponding  EDRR  (FIG.  10b). 

In  addition,  the  restrictions  of  the  all  field  940  in  each  of  the  final  DRRs  along  the  two  role-paths  are  merged 
during  step  1  251  ,  to  place  the  same  information  in  both  fields.  Thereafter,  an  explanation  object  is  created  dur- 

5  ing  step  1253  to  identify  the  source  of  the  merged  all  restrictions  by  indicating  that  the  inference  type  is  the 
inference,  same-as-implies-all,  together  with  the  inference  arguments  listed  in  Appendix  2.  The  created  ex- 
planation  object  is  placed  in  the  all  field  1075  of  the  corresponding  EDRR  (FIG.  10b). 

Information  based  on  propagations,  inverse-role  propagations  and  rule  firings  are  inferred  only  to  individ- 
uals.  Thus,  a  test  is  performed  during  step  1256,  prior  to  executing  the  propagation,  inverse-role  propagation 

10  and  rule  firing  sections,  to  determine  if  the  current  object  being  explained  is  an  individual.  If  it  is  determined 
during  step  1256  that  the  current  object  being  explained  is  not  an  individual,  but  rather  is  a  concept,  the  prop- 
agation,  inverse-role  propagation  and  rule  firing  sections  are  not  applicable  and  program  control  will  proceed 
to  step  1298  (FIG.  12f),  discussed  below. 

If,  however,  it  is  determined  during  step  1256  that  the  current  object  being  explained  is  an  individual,  a  test 
15  is  performed  during  step  1  258  to  determine  if  there  is  information  in  the  "propagated  into"  field  530  of  the  in- 

dividual  data  structure  500  (FIG.  5)  associated  with  the  current  individual  being  explained.  If  it  is  determined 
during  step  1258  that  there  is  no  information  in  the  "propagated  into"  field  530  associated  with  the  current  in- 
dividual  being  explained,  program  control  will  proceed  to  step  1272  (FIG.  12e)  and  proceed  in  the  manner  de- 
scribed  below. 

20  If,  however,  it  is  determined  during  step  1258  that  there  is  information  in  the  "propagated  into"  field  530 
associated  with  the  current  individual  being  explained,  then  a  test  is  performed  during  step  1260  to  determine 
if  the  user  has  set  the  pruning  variables,  discussed  above,  to  indicate  that  redundant  propagations  should  not 
be  explained.  If  it  is  determined  during  step  1260  that  the  user  has  set  the  pruning  variables  to  indicate  that 
redundant  propagations  should  not  be  explained,  then  the  redundant  propagations  should  be  removed  from 

25  the  propagation  list  that  was  retrieved  from  the  propagations  in  field  530  of  the  individual's  data  structure  500. 
In  other  words,  if  there  is  a  role  hierarchy,  and  a  first  propagation  is  propagated  along  an  identical  or  more 
specific  role-path  than  a  second  propagation,  and  the  first  propagation  propagates  an  identical  or  more  spe- 
cific  restriction  than  the  second  propagation,  then  remove  the  second  propagation  from  the  list.  For  example, 
if  a  knowledge  base  20  includes  a  role  hierarchy  consisting  of  the  roles  Sibling  and  Brother,  and  they  both  prop- 

30  agate  a  piece  of  information  to  an  individual,  then  the  propagation  associated  with  the  more  general  role,  Sib- 
ling,  should  not  be  explained. 

The  explanation  for  the  information  that  has  been  propagated  onto  the  current  individual  being  explained 
is  processed  during  step  1264  by  the  explanation  object  generation  function  60,  discussed  further  below  in 
conjunction  with  FIGS.  13a  through  13i.  As  previously  indicated,  when  the  propagated  information  is  calculated 

35  during  normalization  in  a  known  manner,  the  knowledge  representation  system  1  5  will  generate  a  propagation 
list  for  each  piece  of  propagated  information,  which  includes  an  indication  of  the  individual  the  information  was 
propagated  from,  the  role-path  along  which  the  information  was  propagated,  and  the  information  that  was  ac- 
tually  propagated.  The  propagation  list  is  then  stored  in  the  propagation  in  field  530  of  the  individual  data  struc- 
ture  500  of  the  associated  individual.  The  explanation  object  generation  function  60  will  be  passed  the  All  field 

40  940  of  the  derived  role  restriction  (DRR)  data  structure  900  indicated  on  the  propagation  list,  as  well  as  the 
derived  descriptor  (DCD/DID)  800  of  the  current  individual  being  explained,  such  as  the  data  structure  shown 
in  FIG.  8.  In  addition,  the  inference  type  will  be  set  to  propagation  and  the  inference  arguments  will  be  set  to 
the  information  retrieved  from  the  propagation  list,  in  other  words,  an  indication  of  the  individual  the  information 
was  propagated  from,  the  role-path  along  which  the  information  was  propagated  and  the  propagated  informa- 

45  tion. 
Thereafter,  a  test  is  performed  during  step  1266  to  determine  if  there  are  additional  propagations  on  the 

propagation  list  to  be  evaluated.  If  it  is  determined  during  step  1266  that  there  are  additional  propagations  on 
the  propagation  list  to  be  evaluated,  program  control  will  return  to  step  1264,  and  continue  in  the  manner  de- 
scribed  above. 

so  |f,  however,  it  is  determined  during  step  1266  that  there  are  no  additional  propagations  on  the  propagation 
list  to  be  evaluated,  program  control  will  proceed  to  the  inverse-role  propagation  explanation  section  which 
begins  at  step  1272  (FIG.  12e),  and  continue  in  the  manner  described  below. 

A  test  is  performed  during  step  1272  to  determine  if  there  is  information  in  the  inverse-role  propagations 
in  field  550  of  the  data  structure  500  associated  with  the  current  individual  being  explained,  such  as  the  data 

55  structure  500  shown  in  FIG.  5.  If  it  is  determined  during  step  1272  that  there  is  no  information  in  the  inverse- 
role  propagations  in  field  580  of  the  current  individual,  program  control  will  proceed  to  the  rule  explanation 
section  which  begins  at  step  1282  (FIG.  12f). 

If,  however,  it  is  determined  during  step  1272  that  there  is  information  in  the  inverse-role  propagations  in 
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field  580  of  the  current  individual,  an  explanation  object  is  created  for  the  propagated  inverse-role  information. 
As  previously  indicated,  when  an  inverse-role  propagation  is  processed  during  normalization,  an  inverse-role 
propagation  list  is  preferably  created  which  indicates  the  individual  from  which  the  information  was  propagated 
from,  and  an  indication  of  the  role  that  the  information  was  propagated  along. 

5  An  explanation  object  is  created  during  step  1274  for  each  inverse-role  propagation  on  the  individual's  list 
in  field  580,  indicating  the  inference  type  is  the  inverse-role  inference  and  that  the  inference  arguments  are 
equal  to  those  retrieved  from  the  inverse-role  propagation  list.  The  explanation  object  is  placed  in  the  Fills  field 
1070  of  the  explanation  DRR  data  structure  1050  associated  with  the  indicated  role  of  the  individual  that  was 
populated  based  on  the  inverse-role  propagation. 

10  Thereafter,  program  control  will  proceed  to  the  rule  explanation  section  which  begins  at  step  1282  where 
a  test  is  performed  to  determine  if  information  was  stored  in  the  local  variable,  rule-list,  during  previous  exe- 
cution  of  step  1210.  If  it  is  determined  during  step  1282  that  no  information  is  stored  in  the  local  variable,  rule- 
list,  program  control  will  proceed  to  the  step  1298,  discussed  below. 

If,  however,  it  is  determined  during  step  1282  that  information  is  stored  in  the  local  variable,  rule-lit,  a  test 
15  is  performed  during  step  1284  to  determine  if  the  rule  is  a  simple  rule,  as  discussed  above.  If  it  is  determined 

during  step  1284  that  the  rule  is  a  simple  rule,  the  setup  explanation  structure  function  58  will  execute  the 
explanation  object  generation  function  60  during  step  1286  to  identify  the  pieces  of  information  that  appear 
in  the  data  structures  of  the  current  individual  being  explained  as  a  result  of  the  rule  firing. 

The  explanation  object  generation  function  60  is  executed  during  step  1286  with  the  following  arguments: 
20  the  derived  data  structure  associated  with  the  rule  consequent  and  the  derived  individual  descriptor  (DID)  800 

associated  with  the  current  individual  being  explained.  In  addition,  the  inference  type  is  preferably  set  to  "rule 
inference"  and  the  inference  argument  is  an  indication  of  the  rule  identifier.  Thereafter,  program  control  will 
proceed  to  step  1296,  discussed  below. 

If,  however,  it  is  determined  during  step  1284  that  the  rule  is  not  a  simple  rule,  a  test  is  performed  during 
25  step  1288  to  determine  if  the  rule  is  a  description  rule.  If  it  is  determined  during  step  1288  that  the  current  rule 

on  the  variable,  rule-list,  is  a  description  rule,  the  function  result  which  is  an  expression  stored  on  the  variable, 
rule-list,  is  translated  into  a  derived  data  structure,  which  may  be  in  the  form  of  a  derived  concept  descriptor 
(DCD)  800  (FIG.  8)  or  a  concept  data  structure  400  (FIG.  4)  during  step  1290  by  placing  the  portions  of  the 
function  result  in  the  appropriate  fields  of  the  created  derived  concept  descriptor  (DCD)  800. 

30  Thereafter,  the  setup  explanation  structure  function  58  will  identify  the  pieces  of  information  that  appear 
in  the  data  structures  of  the  current  individual  as  a  result  of  the  description  rule  firing.  Thus,  the  explanation 
object  generation  function  60  is  executed  during  step  1292  with  the  following  arguments:  the  derived  data 
structure  created  during  step  1290  and  the  derived  individual  descriptor  (DID)  800  associated  with  the  current 
individual  being  explained.  In  addition,  the  inference  type  is  preferably  set  to  "rule  inference"  and  the  inference 

35  argument  is  an  indication  of  the  rule  identifier.  Thereafter,  program  control  will  proceed  to  step  1296,  discussed 
below. 

If,  however,  it  is  determined  during  step  1288  that  the  current  rule  on  the  variable,  rule-list,  is  not  a  de- 
scription  rule,  then  the  rule  must  be  a  filler  rule.  As  previously  indicated,  a  filler  rule  will  generate  a  list  of  fillers 
for  a  particular  role.  Thus,  the  setup  explanation  structure  function  58  preferably  identifies  the  fillers  of  a  par- 

40  ticular  role  that  appear  in  the  data  structure  of  the  current  individual  as  a  result  of  the  filler  rule  firing.  Thus, 
an  explanation  object  is  created  during  step  1294  for  each  filler  on  the  returned  list  of  fillers.  Each  explanation 
object  should  indicate  that  the  inference  type  is  a  "rule  firing"  and  that  the  inference  argument  is  an  indication 
of  the  rule  identifier.  The  created  explanation  objects  should  be  placed  in  the  fills  field  1070  of  the  explanation 
DRR  data  structure  1050  associated  with  the  particular  role  of  the  individual  being  explained.  Thereafter,  pro- 

45  gram  control  will  proceed  to  step  1296. 
A  test  is  performed  during  step  1296  to  determine  if  there  are  additional  rules  listed  on  the  local  variable, 

rule-list,  to  be  evaluated.  If  it  is  determined  during  step  1296  that  there  are  additional  rules  listed  on  the  local 
variable,  rule-list,  to  be  evaluated,  program  control  will  return  to  step  1284,  and  continue  in  the  manner  de- 
scribed  above. 

so  |f,  however,  it  is  determined  during  step  1296  that  there  are  no  additional  rules  to  be  evaluated,  program 
control  will  proceed  to  step  1298,  where  the  setup  explanation  structure  function  58  will  be  exited. 

The  explanation  object  generation  function  60,  illustrated  in  FIG.  13,  will  be  executed  from  the  setup  ex- 
planation  structure  function  58  to  compare  the  derived  information  stored  in  a  derived  descriptor  data  structure 
(DCD/DID)  800  for  the  object  being  explained  with  a  descriptor  being  merged  from,  which  will  vary  depending 

55  on  where  the  explanation  object  generation  function  60  is  called  from.  The  explanation  object  generation  func- 
tion  60  will  compare  corresponding  fields  in  the  derived  descriptor  data  structure  (DCD/DID)  800,  and  asso- 
ciated  derived  role  restriction  (DRR)  data  structures  900  for  the  object  being  explained  with  the  descriptors 
being  merged  from,  and  identify  pieces  of  information  appearing  in  the  structures  associated  with  the  object 
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being  explained  that  have  been  inferred  or  derived  from  the  descriptor  being  merged  from. 
As  previously  indicated,  the  explanation  object  generation  function  60  will  be  passed  the  descriptor  of  the 

object  being  merged  from  and  the  derived  descriptor  (DCD/DID)  800  of  the  current  object  being  explained.  In 
addition,  the  explanation  object  generation  function  60  will  be  passed  a  particular  inference  type  and  inference 

5  arguments.  Finally,  if  the  user  has  requested  that  the  explanation  should  be  limited  to  an  explanation  of  par- 
ticular  roles  or  aspects,  this  information  should  also  be  passed  into  the  explanation  object  generation  function 
60. 

As  indicated  in  FIG.  1  3a,  the  explanation  object  generation  function  60  is  entered  at  step  1  300.  Generally, 
the  explanation  object  generation  function  60  will  go  through  each  field  or  aspect  of  the  derived  data  structures 

10  of  the  object  being  explained  and  compare  each  corresponding  field  in  the  merged  from  data  structure  indi- 
cated  in  the  first  passed  argument  to  see  if  information  in  the  object  being  explained  came  from  the  object 
being  merged  from  based  on  the  indicated  inference  type.  It  is  noted  that  the  explanation  object  generation 
function  60  is  discussed  below  with  respect  to  the  illustrative  data  structures  described  above  in  conjunction 
with  FIGS.  3  through  10b. 

15  According  to  one  feature  of  the  invention,  when  a  user  requests  an  explanation  for  a  particular  object,  the 
user  may  request  that  the  explanation  be  limited  to  a  particular  role-path  or  aspect.  Accordingly,  upon  entering 
the  explanation  object  generation  function  60,  a  test  is  initially  performed  during  step  1302  to  determine  if  the 
user  has  specified  that  the  explanation  should  be  limited  to  a  particular  role-path.  If  it  is  determined  during 
step  1302  that  the  user  has  specified  that  the  explanation  should  be  limited  to  a  particular  role-path,  then  a 

20  local  variable,  role-path-list,  is  set  during  step  1303  to  the  indicated  role-path. 
If,  however,  it  is  determined  during  step  1302  that  the  user  has  not  specified  that  the  explanation  should 

be  limited  to  a  particular  role-path,  then  the  local  variable,  role-path-list,  is  set  during  step  1304  to  indicate 
that  all  role-paths  should  be  explained. 

In  addition,  a  test  is  performed  during  step  1305  to  determine  if  the  user  has  specified  that  the  explanation 
25  should  be  limited  to  a  particular  aspect.  If  it  is  determined  during  step  1305  that  the  user  has  specified  that 

the  explanation  should  be  limited  to  a  particular  aspect,  then  a  local  variable,  aspect-list,  is  set  during  step 
1306  to  the  indicated  aspect. 

If,  however,  it  is  determined  during  step  1305  that  the  user  has  not  specified  that  the  explanation  should 
be  limited  to  a  particular  aspect,  then  the  local  variable,  aspect-list,  is  set  during  step  1307  to  indicate  that  all 

30  aspects  should  be  explained. 
A  test  is  performed  during  step  1309  to  determine  if  the  object  being  merged  from  is  a  told  descriptor.  If  it 

is  determined  during  step  1  309  that  the  object  being  merged  from  is  not  a  told  descriptor,  then  program  control 
will  proceed  to  step  1311  (FIG.  13b),  discussed  below. 

If,  however,  it  is  determined  during  step  1309  that  the  object  being  merged  from  is  a  told  descriptor,  then 
35  the  explanation  object  generation  function  60  will  thereafter  identify  and  explain  the  pieces  of  information  in 

the  object  being  explained  that  were  inherited  from  told  parent  concepts.  The  explanation  object  generation 
function  60  will  reexecute  the  explanation  object  generation  function  60,  during  step  1310.  The  explanation 
object  generation  function  60  will  be  executed  during  step  1310  for  each  parent  concept  listed  in  the  parent 
concept  field  61  0  of  the  told  descriptor  data  structure  600. 

40  Upon  each  execution  during  step  1310,  the  explanation  object  generation  function  60  is  passed  the  derived 
concept  descriptor  800  of  the  current  parent  concept  and  the  derived  descriptor  (DCD/DID)  800  of  the  object 
being  explained.  In  addition,  the  explanation  object  generation  function  60  is  passed  an  indication  that  the  in- 
ference  type  is  inheritance  with  the  inference  arguments  including  the  parent  concept  identifier  and  the  current 
role-  path. 

45  Thereafter,  the  explanation  object  generation  function  60  will  traverse  each  field  of  the  derived  descriptor 
(DCD/DID)  data  structure  of  the  object  being  explained  and  the  corresponding  fields  of  the  object  being  merged 
from  to  identify  pieces  of  information  that  were  derived  from  the  object  being  merged  from. 

A  test  is  initially  performed  during  step  1311  to  ensure  that  the  user  is  interested  in  an  explanation  of  the 
primitive  aspect.  If  it  is  determined  during  step  1311  that  the  aspect  variable  does  not  equal  all  or  primitive, 

so  the  user  is  not  interested  in  an  explanation  of  the  primitive  aspect.  Thus,  program  control  will  proceed  to  step 
1321  (FIG.  13c). 

If,  however,  it  is  determined  during  step  1311  that  the  aspect  variable  does  equal  all  or  primitive,  the  user 
is  interested  in  an  explanation  of  the  primitive  aspect.  Thus,  a  test  is  performed  during  step  1312  to  determine 
if  the  object  being  merged  from  is  a  told  descriptor.  If  it  is  determined  during  step  1312  that  the  object  being 

55  merged  from  is  a  told  descriptor,  then  the  current  parent  concept  in  the  parent  concept  field  610  of  the  told 
descriptor  data  structure  (TCD/TID)  600  of  the  object  being  merged  from  is  retrieved  during  step  1313.  There- 
after,  a  test  is  performed  during  step  1314  to  determine  if  the  current  parent  concept  is  a  primitive  concept. 

If  it  is  determined  during  step  1314  that  the  current  parent  concept  is  not  a  primitive  concept,  then  program 
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control  will  proceed  to  step  1  320  without  creating  an  explanation  object  for  the  current  parent  concept.  If,  how- 
ever,  it  is  determined  during  step  1314  that  the  current  parent  concept  is  a  primitive  concept,  then  program 
control  will  proceed  to  step  1316. 

If  it  was  determined  during  step  1312  that  the  object  being  merged  from  is  not  a  told  descriptor,  then  the 
5  current  primitive  concept  in  the  primitive  concept  field  810  of  the  derived  descriptor  data  structure  (DCD/DID) 

800  of  the  object  being  merged  from  is  retrieved  during  step  1315.  Thereafter,  program  control  will  proceed 
to  step  1316. 

Atest  is  performed  during  step  131  6  to  determine  if  the  user  has  set  the  pruning  variable,  discussed  above, 
to  indicate  that  primitives  should  not  be  explained.  If  it  is  determined  during  step  1316  that  the  user  has  set 

10  the  pruning  variables  to  indicate  that  primitives  should  not  be  explained,  then  program  control  will  proceed  to 
step  1321  (FIG.  13c).  If,  however,  it  is  determined  during  step  1316  that  the  user  has  not  set  the  pruning  vari- 
ables  to  indicate  that  primitives  should  not  be  explained,  then  a  test  is  performed  during  step  1  31  7  to  determine 
if  the  current  primitive  is  a  high  level  primitive,  such  as  THING. 

If  it  is  determined  during  step  131  7  that  the  primitive  is  a  high  level  primitive,  then  a  test  is  performed  during 
15  step  1318  to  determine  if  the  user  has  set  the  pruning  variables  to  indicate  that  high  level  primitives  should 

not  be  explained.  If  it  is  determined  during  step  1318  that  the  user  has  indicated  that  high  level  primitives  should 
not  be  explained,  then  program  control  will  proceed  to  step  1320,  discussed  below. 

If,  however,  it  is  determined  during  step  1318  that  the  user  has  indicated  that  high  level  primitives  should 
be  explained,  then  an  explanation  object  is  created  during  step  1319  for  the  primitive  with  the  indicated  infer- 

20  ence  type  and  inference  arguments,  that  were  passed  to  the  explanation  object  generation  function  60.  The 
explanation  object  created  during  step  1319  is  placed  in  the  primitive  field  1010  of  the  explanation  derived  de- 
scriptor  (EDD)  data  structure  1000,  indicating  the  name  of  the  associated  primitive. 

Atest  is  performed  during  step  1320  to  determine  if  there  are  additional  concepts  to  be  evaluated  in  the 
data  structure  being  merged  from.  If  it  is  determined  during  step  1320  that  there  are  additional  concepts  to  be 

25  evaluated,  program  control  will  return  to  step  1312,  and  continue  in  the  manner  described  above. 
If,  however,  it  is  determined  during  step  1  320  that  there  are  no  additional  concepts  to  be  evaluated,  program 

control  will  proceed  to  step  1321  (FIG.  13c). 
A  test  is  performed  during  step  1  320  to  ensure  that  the  user  is  interested  in  an  explanation  of  the  one-of 

aspect.  If  it  is  determined  during  step  1320  that  the  aspect  variable  does  not  equal  all  or  one-of,  the  user  is 
30  not  interested  in  an  explanation  of  the  one-of  aspect.  Thus,  program  control  will  proceed  to  step  1328  (FIG. 

13d). 
If,  however,  it  is  determined  during  step  1  320  that  the  aspect  variable  does  equal  all  or  one-of,  the  user  is 

interested  in  an  explanation  of  the  one-of  aspect.  Thus,  a  test  is  performed  during  step  1322  to  determine  if 
there  is  a  one-of  restriction  listed  in  the  one-of  field  of  the  descriptor  being  merged.  If  it  is  determined  during 

35  step  1  322  that  there  is  no  one-of  restriction  listed  in  the  one-of  field  of  the  descriptor  being  merged  from,  pro- 
gram  control  will  proceed  to  step  1328  (FIG.  13d). 

If,  however,  it  is  determined  during  step  1322  that  there  is  a  one-of  restriction  listed  in  the  one-of  field  of 
the  descriptor  being  merged  from,  the  explanation  object  generation  function  60  will  annotate  the  information 
by  creating  an  explanation  object  during  step  1324  for  the  one-of  restriction  with  the  indicated  inference  type 

40  and  inference  arguments  that  were  passed  into  the  explanation  object  generation  function.  The  explanation 
object  created  during  step  1324  is  placed  in  the  one-of  field  1015  of  the  explanation  derived  descriptor  (EDD) 
data  structure  1000,  indicating  the  name  of  the  associated  one-of  restriction. 

Atest  is  performed  during  step  1326  to  determine  if  there  are  additional  one-of  restrictions  to  be  evaluated. 
If  it  is  determined  during  step  1  326  that  there  are  additional  one-of  restrictions  to  be  evaluated,  program  control 

45  will  return  to  step  1324,  and  continue  in  the  manner  described  above. 
If,  however,  it  is  determined  during  step  1326  that  there  are  no  additional  one-of  restrictions  to  be  evalu- 

ated,  program  control  will  proceed  to  step  1328  (FIG.  13d). 
Atest  is  performed  during  step  1328  to  ensure  that  the  user  is  interested  in  an  explanation  of  the  test  as- 

pect.  If  it  is  determined  during  step  1328  that  the  aspect  variable  does  not  equal  all  or  test,  the  user  is  not  in- 
50  terested  in  an  explanation  of  the  test  aspect.  Thus,  program  control  will  proceed  to  step  1  340  (FIG.  1  3e). 

If,  however,  it  is  determined  during  step  1328  that  the  aspect  variable  does  equal  all  or  test,  the  user  is 
interested  in  an  explanation  of  the  test  aspect.  Thus,  a  test  is  performed  during  step  1330  to  determine  if  there 
is  a  test  restriction  listed  in  the  test  field  of  the  descriptor  being  merged.  If  it  is  determined  during  step  1330 
that  there  is  no  test  restriction  listed  in  the  test  field  of  the  descriptor  being  merged,  program  control  will  proceed 

55  to  step  1340  (FIG.  13e),  discussed  below. 
If,  however,  it  is  determined  during  step  1330  that  there  is  a  test  restriction  listed  in  the  test  field  of  the 

descriptor  being  merged  from,  a  test  is  performed  during  step  1332  to  determine  if  the  current  test  restriction 
being  evaluated  is  one  of  the  restrictions  implicated  by  an  interval  restriction.  It  is  noted  that  if  an  object  has 
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an  interval  restriction,  such  as  a  defined  range,  it  is  implied  that  the  interval  must  be  a  number.  Accordingly, 
a  number  of  restrictions  may  be  added  by  the  knowledge  representation  system  1  5  in  order  to  enforce  the  fact 
that  the  restriction  must  be  a  number.  If  it  is  determined  during  step  1  332  that  the  current  test  restriction  is  not 
one  of  the  restrictions  implicated  by  an  interval  restriction,  then  program  control  will  proceed  to  step  1336,  in 

5  order  to  explain  the  source  of  this  test  restriction. 
If,  however,  it  is  determined  during  step  1332  that  the  current  test  restriction  is  one  of  the  restrictions  im- 

plicated  by  an  interval  restriction,  then  a  test  is  performed  during  step  1334  to  determine  if  the  user  has  set 
the  pruning  variables  to  indicate  that  these  test  restrictions  should  not  be  explained.  If  it  is  determined  during 
step  1  334  that  the  user  has  indicated  that  these  test  restrictions  should  not  be  explained,  then  program  control 

10  will  proceed  to  step  1338,  discussed  below. 
If,  however,  it  is  determined  during  step  1  334  that  the  user  has  indicated  that  these  test  restrictions  should 

be  explained,  then  the  explanation  object  generation  function  60  will  annotate  the  information  by  creating  an 
explanation  object  during  step  1  336  for  the  test  restriction  with  the  indicated  inference  type  and  inference  ar- 
guments  that  were  passed  into  the  explanation  object  generation  function  60.  The  explanation  object  created 

15  during  step  1336  is  placed  in  the  test  field  1020  of  the  explanation  derived  descriptor  (EDD)  data  structure 
1000,  indicating  the  name  of  the  associated  test  restriction. 

Atest  is  performed  during  step  1338  to  determine  if  there  are  additional  test  restrictions  to  be  evaluated. 
If  it  is  determined  during  step  1338  that  there  are  additional  test  restrictions  to  be  evaluated,  program  control 
will  return  to  step  1332,  and  continue  in  the  manner  described  above. 

20  If,  however,  it  is  determined  during  step  1338  that  there  are  no  additional  test  restrictions  to  be  evaluated, 
program  control  will  proceed  to  step  1340  (FIG,.  13e),  discussed  below. 

Atest  is  performed  during  step  1340  to  ensure  that  the  user  is  interested  in  an  explanation  of  the  same- 
as  aspect.  If  it  is  determined  during  step  1  340  that  the  aspect  variable  does  not  equal  all  or  same-as,  the  user 
is  not  interested  in  an  explanation  of  the  same-as  aspect.  Thus,  program  control  will  proceed  to  step  1348  (FIG. 

25  13f). 
If,  however,  it  is  determined  during  step  1340  that  the  aspect  variable  does  equal  all  or  same-as,  the  user 

is  interested  in  an  explanation  of  the  same-as  aspect.  Thus,  a  test  is  performed  during  step  1  342  to  determine 
if  there  is  a  same-as  restriction  listed  in  the  same-as  field  of  the  descriptor  being  merged  from.  If  it  is  determined 
during  step  1342  that  there  is  no  same-as  restriction  listed  in  the  same-as  field  of  the  descriptor  being  merged 

30  from,  program  control  will  proceed  to  step  1348  (FIG.  13f). 
If,  however,  it  is  determined  during  step  1  342  that  there  is  a  same-as  restriction  listed  in  the  same-as  field 

of  the  descriptor  being  merged  from,  the  explanation  object  generation  function  60  will  annotate  the  information 
by  creating  an  explanation  object  during  step  1  344  for  the  same-as  restriction  with  the  indicated  inference  type 
and  inference  arguments  that  were  passed  into  the  explanation  object  generation  function  60.  The  explanation 

35  object  created  during  step  1344  is  placed  in  the  same-as  field  1035  of  the  explanation  derived  descriptor  (EDD) 
data  structure  1000,  indicating  the  name  of  the  associated  same-as  restriction. 

Atest  is  performed  during  step  1346  to  determine  if  there  are  additional  same-as  restrictions  to  be  eval- 
uated.  If  it  is  determined  during  step  1346  that  there  are  additional  same-as  restrictions  to  be  evaluated,  pro- 
gram  control  will  return  to  step  1344,  and  continue  in  the  manner  described  above. 

40  If,  however,  it  is  determined  during  step  1  346  that  there  are  no  additional  same-as  restrictions  to  be  eval- 
uated,  program  control  will  proceed  to  step  1348  (FIG.  13f),  discussed  below. 

In  the  CLASSIC™  Knowledge  Representation  System,  the  Min  and  Max  aspects  are  only  applicable  to  host 
concepts.  Thus,  a  test  is  preferably  performed  during  step  1348  to  determine  if  the  current  object  being  ex- 
plained  is  a  host  concept.  If  it  is  determined  during  step  1348  that  the  current  object  being  explained  is  not  a 

45  host  concept,  the  Min  and  Max  aspects  are  not  relevant  to  the  current  object,  and  program  control  will  proceed 
to  step  1360  (FIG.  13g). 

If,  however,  it  is  determined  during  step  1  348  that  the  current  object  being  explained  is  a  host  concept,  the 
Min  and  Max  aspects  are  relevant  to  the  current  object  and  the  source  of  any  Min  and  Max  restrictions  should 
preferably  be  explained.  Atest  is  initially  performed  during  step  1349,  however,  to  ensure  that  the  user  is  in- 

50  terested  in  the  explanation  of  the  Min/Max  aspects.  If  it  is  determined  during  step  1349  that  the  aspect  variable 
does  not  equal  all  or  Min/Max,  the  user  is  not  interested  in  an  explanation  of  the  Min/Max  aspects  and  program 
control  should  proceed  to  step  1360  (FIG.  13g). 

If,  however,  it  is  determined  during  step  1349  that  the  aspect  variable  does  equal  all  or  Min/Max,  the  user 
is  interested  in  an  explanation  of  the  Min/Max  aspects.  Thus,  a  test  is  performed  during  step  1350  to  determine 

55  if  the  Min  restriction  listed  in  the  Min  field  of  the  descriptor  being  merged  from  also  appears  in  the  Min  field 
840  of  the  derived  descriptor  data  structure  (DCD/DID)  800  of  the  object  being  explained.  If  it  is  determined 
during  step  1350  that  the  Min  restriction  listed  in  the  Min  field  of  the  descriptor  being  merged  from  also  appears 
in  the  Min  field  840  of  the  derived  descriptor  800  of  the  object  being  explained,  then  the  explanation  object 
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generation  function  60  will  annotate  the  information.  An  explanation  object  is  created  during  step  1352  for  the 
Min  restriction  with  the  indicated  inference  type  and  inference  arguments  that  were  passed  into  the  explanation 
object  generation  function  60.  The  explanation  object  created  during  step  1352  is  placed  in  the  Min  field  1025 
of  the  explanation  derived  descriptor  (EDD)  data  structure  1000. 

5  A  test  is  performed  during  step  1  354  to  determine  if  the  Max  restriction  listed  in  the  Max  field  of  the  de- 
scriptor  being  merged  from  also  appears  in  the  Max  field  850  of  the  derived  descriptor  data  structure 
(DCD/DID)  800  of  the  object  being  explained.  If  it  is  determined  during  step  1354  that  the  Max  restriction  listed 
in  the  Max  field  of  the  descriptor  being  merged  from  also  appears  in  the  Max  field  850  of  the  derived  descriptor 
800  of  the  object  being  explained,  then  the  explanation  object  generation  function  60  will  annotate  the  infor- 

10  mation.  An  explanation  object  is  created  during  step  1356  for  the  Max  restriction  with  the  indicated  inference 
type  and  inference  arguments  that  were  passed  into  the  explanation  object  generation  function  60.  The  ex- 
planation  object  created  during  step  1  356  is  placed  in  the  Max  field  1  030  of  the  explanation  derived  descriptor 
(EDD)  data  structure  1000.  Thereafter,  program  control  will  proceed  to  step  1360  (FIG.  13g). 

During  steps  1360  through  1396,  the  explanation  object  generation  function  60  will  process  the  role  re- 
15  striction  information  that  has  been  stored  for  the  associated  object  being  explained  in  each  of  the  derived  role 

restriction  (DRR)  data  structures  900.  The  explanation  object  generation  function  60  will  access  the  role  re- 
striction  information  during  step  1360  by  retrieving  the  respective  pointers  from  the  RR  pointer  field  of  the  de- 
scriptor  data  being  merged  from  and  the  corresponding  DRR  pointer  field  870  of  the  derived  descriptor  data 
structure  (DCD/DID)  800  of  the  object  being  explained. 

20  A  test  is  performed  during  step  1362  to  determine  if  the  role  restriction  associated  with  the  current 
TRR/DRR  being  merged  from  is  on  the  selected  role-path  list,  in  other  words,  whether  the  user  would  like  an 
explanation  along  the  current  role-path.  If  it  is  determined  during  step  1362  that  the  role  restriction  associated 
with  the  current  TRR/DRR  is  not  on  the  selected  role-path  list,  then  program  control  will  proceed  to  step  1  396 
(FIG.  13i),  discussed  below. 

25  If,  however,  it  is  determined  during  step  1  362  that  the  role  restriction  associated  with  the  current  TRR/DRR 
being  merged  from  is  on  the  selected  role-path  list,  then  the  user  would  like  at  least  some  of  the  information 
stored  for  the  current  role-path  to  be  explained.  Thus,  the  different  fields  of  the  role  path  data  structures  will 
be  traversed  to  determine  if  there  is  information  stored  therein  to  be  explained. 

Atest  is  performed  during  step  1364  to  ensure  that  the  user  is  interested  in  an  explanation  of  the  at-least 
30  aspect  of  the  current  role-path.  If  it  is  determined  during  step  1  364  that  the  aspect  variable  does  not  equal  all 

or  at-least,  the  user  is  not  interested  in  an  explanation  of  the  at  least  aspect.  Thus,  program  control  will  proceed 
to  step  1374  (FIG.  13h),  discussed  below. 

If,  however,  it  is  determined  during  step  1364  that  the  aspect  variable  does  equal  all  or  at-least,  the  user 
is  interested  in  an  explanation  of  the  at  least  aspect.  A  test  is  performed  during  step  1  366  to  determine,  if  the 

35  aspect  variable  evaluated  in  the  previous  step  is  equal  to  all,  whether  the  user  has  set  the  pruning  variables 
to  indicate  that  the  at  least  restrictions  should  not  be  explained.  It  is  noted  that  if  the  user  has  explicitly  re- 
quested  that  a  particular  aspect  be  explained,  this  request  will  override  the  pruning  variable  here.  If  it  is  de- 
termined  during  step  1366  that  the  user  has  indicated  that  the  at  least  restrictions  should  not  be  explained, 
then  program  control  will  proceed  to  step  1374  (FIG.  13h),  discussed  below. 

40  If,  however,  it  is  determined  during  step  1  366  that  the  user  has  indicated  that  the  at  least  restrictions  should 
be  explained,  then  a  test  is  performed  during  step  1368  to  determine  if  the  at  least  restriction  in  the  at  least 
field  of  the  descriptor  (TRR/DRR)  being  merged  from  appears  in  the  at  least  field  910  of  the  corresponding 
derived  role  restriction  (DRR)  data  structure  900  of  the  object  being  explained.  If  it  is  determined  during  step 
1368  that  the  at  least  restriction  in  the  role  restriction  (TRR/DRR)  data  structure  being  merged  from  does  not 

45  appear  in  the  derived  role  restriction  (DRR)  data  structure  900  of  the  object  being  explained,  then  the  source 
of  any  at  least  restriction  is  not  the  object  being  merged  from,  and  program  control  will  proceed  to  step  1374 
(FIG.  13h). 

If,  however,  it  is  determined  during  step  1  368  that  the  at  least  restriction  in  the  role  restriction  data  structure 
(TRR/DRR)  being  merged  from  does  appear  in  the  derived  role  restriction  (DRR)  data  structure  900  of  the 

so  object  being  explained,  then  the  source  of  the  at  least  restriction  is  the  current  descriptor  being  merged  from, 
and  the  explanation  object  generation  function  60  will  annotate  the  information  by  creating  an  explanation  ob- 
ject  during  step  1  370.  The  explanation  object  for  the  at  least  restriction  preferably  includes  the  indicated  infer- 
ence  type  and  inference  arguments  that  were  passed  into  the  explanation  object  generation  function  60.  The 
explanation  object  created  during  step  1  370  is  placed  in  the  at  least  field  1  060  of  the  explanation  DRR  data 

55  structure  1050.  Thereafter,  program  control  will  proceed  to  step  1374  (FIG.  13h). 
Atest  is  performed  during  step  1374  to  ensure  that  the  user  is  interested  in  an  explanation  of  the  at-most 

aspect  of  the  current  role-path.  If  it  is  determined  during  step  1374  that  the  aspect  variable  does  not  equal  all 
or  at-most,  the  user  is  not  interested  in  an  explanation  of  the  at  most  aspect.  Thus,  program  control  will  proceed 
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to  step  1384,  discussed  below. 
If,  however,  it  is  determined  during  step  1374  that  the  aspect  variable  does  equal  all  or  at-most,  the  user 

is  interested  in  an  explanation  of  the  at  most  aspect.  A  test  is  performed  during  step  1  376  to  determine,  if  the 
aspect  variable  evaluated  in  the  previous  step  is  equal  to  all,  whether  the  user  has  set  the  pruning  variables 

5  to  indicate  that  the  at  most  restrictions  should  not  be  explained.  It  is  noted  that  if  the  user  has  explicitly  re- 
quested  that  a  particular  aspect  be  explained,  this  request  will  override  the  pruning  variable  here.  If  it  is  de- 
termined  during  step  1376  that  the  user  has  indicated  that  the  at  most  restrictions  should  not  be  explained, 
then  program  control  will  proceed  to  step  1384,  discussed  below. 

If,  however,  it  is  determined  during  step  1  376  that  the  user  has  indicated  that  the  at  most  restrictions  should 
10  be  explained,  then  a  test  is  performed  during  step  1378  to  determine  if  the  at  most  restriction  in  the  at  most 

field  of  the  role  restriction  (TRR/DRR)  data  structure  being  merged  from  appears  in  the  at  most  field  920  of 
the  derived  role  restriction  (DRR)  data  structure  900  of  the  object  being  explained.  If  it  is  determined  during 
step  1  378  that  the  at  most  restriction  in  the  role  restriction  (TRR/DRR)  data  structure  being  merged  from  does 
not  appear  in  the  derived  role  restriction  (DRR)  data  structure  900  of  the  object  being  explained,  then  the  de- 

ls  scriptor  being  merged  from  is  not  the  source  of  any  at  most  restriction,  and  will  not  be  explained  at  this  time, 
and  program  control  will  proceed  to  step  1384. 

If,  however,  it  is  determined  during  step  1378  that  the  at  most  restriction  in  the  role  restriction  (TRR/DRR) 
data  structure  being  merged  from  does  appear  in  the  derived  role  restriction  (DRR)  data  structure  900  of  the 
object  being  explained,  then  the  source  of  the  at  most  restriction  is  the  descriptor  being  merged  from,  and  the 

20  explanation  object  generation  function  60  will  annotate  the  information  by  creating  an  explanation  object  during 
step  1380.  The  explanation  object  for  the  at  most  restriction  preferably  includes  the  indicated  inference  type 
and  inference  arguments  that  were  passed  into  the  explanation  object  generation  function  60.  The  explanation 
object  created  during  step  1380  is  placed  in  the  at  most  field  1065  of  the  explanation  DRR  data  structure  1050. 

Atest  is  performed  during  step  1384  to  ensure  that  the  user  is  interested  in  an  explanation  of  the  fills  aspect 
25  of  the  current  role-path.  If  it  is  determined  during  step  1384  that  the  aspect  variable  does  not  equal  all  or  fills, 

the  user  is  not  interested  in  an  explanation  of  the  filler  aspect.  Thus,  program  control  will  proceed  to  step  1  391 
(FIG.  13i),  discussed  below. 

If,  however,  it  is  determined  during  step  1384  that  the  aspect  variable  does  equal  all  or  fills,  the  user  is 
interested  in  an  explanation  of  the  filler  aspect.  Thus,  a  test  is  performed  during  step  1386  to  determine  if  there 

30  is  a  fills  restriction  in  the  fills  field  of  the  role  restriction  (TRR/DRR)  data  structure  being  merged  from.  If  it  is 
determined  during  step  1386  that  there  is  no  fills  restriction  in  the  fills  field  of  the  role  restriction  (TRR/DRR) 
data  structure  being  merged  from,  then  program  control  will  proceed  to  step  1391  (FIG.  13i). 

If,  however,  it  is  determined  during  step  1386  that  there  is  a  fills  restriction  in  the  role  restriction  (TRR/DRR) 
data  structure  being  merged  from,  then  the  explanation  object  generation  function  60  will  annotate  the  infor- 

35  mation  by  creating  an  explanation  object  during  step  1  388.  The  explanation  object  for  the  filler  restriction  pre- 
ferably  includes  the  indicated  inference  type  and  inference  arguments  that  were  passed  into  the  explanation 
object  generation  function  60.  The  explanation  object  created  during  step  1  388  is  placed  in  the  fills  field  1  070 
of  the  explanation  DRR  data  structure  1050. 

Atest  is  performed  during  step  1390  to  determine  if  there  are  additional  filler  restrictions  to  be  evaluated. 
40  If  it  is  determined  during  step  1390  that  there  are  additional  filler  restrictions  to  be  evaluated,  program  control 

will  return  to  step  1388,  and  continue  in  the  manner  described  above. 
If,  however,  it  is  determined  during  step  1390  that  there  are  no  additional  filler  restrictions  to  be  evaluated, 

program  control  will  proceed  to  step  1391  (FIG.  13i). 
During  steps  1391  through  1395,  the  explanation  object  generation  function  60  will  process  the  all  aspect 

45  of  the  current  role  restriction,  to  determine  the  source  of  the  all  restriction.  Atest  is  performed  during  step  1  391 
to  ensure  that  the  user  is  interested  in  an  explanation  of  the  all  aspect  of  the  current  role-path.  If  it  is  determined 
during  step  1  391  that  the  aspect  variable  does  not  equal  all  available  aspects  or  the  particular  "all"  aspect,  the 
user  is  not  interested  in  an  explanation  of  the  all  aspect.  Thus,  program  control  will  proceed  to  step  1396,  dis- 
cussed  below. 

so  |f,  however,  it  is  determined  during  step  1391  that  the  aspect  variable  does  equal  all  available  aspects  or 
the  particular  "all"  aspect,  the  user  is  interested  in  an  explanation  of  the  all  aspect.  Thus,  a  test  is  performed 
during  step  1392  to  determine  if  the  all  restriction  in  the  all  field  940  of  the  derived  role  restriction  (DRR)  data 
structure  900  of  the  object  being  explained  explicitly  contains  a  named  concept,  or  rather,  contains  a  pointer 
to  a  derived  descriptor  data  structure  (DCD/DID)  800  associated  with  a  concept.  If  it  is  determined  during  step 

55  1  392  that  the  all  field  940  explicitly  contains  a  named  concept,  a  test  is  performed  during  step  1393  to  verify 
that  the  named  concept  in  the  all  field  940  also  appears  in  the  all  field  740  of  the  role  restriction  (TRR/DRR) 
data  structure  being  merged  from.  If  it  is  determined  during  step  1393  that  the  named  concept  in  the  all  field 
940  of  the  derived  role  restriction  (DRR)  data  structure  900  of  the  object  being  explained  does  not  appear  in 
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the  all  field  of  the  role  restriction  (TRR/DRR)  data  structure  being  merged  from,  program  control  will  proceed 
to  step  1  396. 

If,  however,  it  is  determined  during  step  1393  that  the  named  concept  in  the  all  field  940  of  the  derived 
role  restriction  (DRR)  data  structure  900  of  the  object  being  explained  does  appear  in  the  all  field  of  the  role 

5  restriction  (TRR/DRR)  data  structure  being  merged  from,  then  the  source  of  the  all  restriction  is  the  descriptor 
being  merged  from,  and  the  explanation  object  generation  function  60  will  annotate  the  information  by  creating 
an  explanation  object  during  step  1394.  The  explanation  object  for  the  all  restriction  preferably  includes  the 
indicated  inference  type  and  inference  arguments  that  were  passed  into  the  explanation  object  generation 
function  60.  The  explanation  object  created  during  step  1395  is  placed  in  the  all  field  1075  of  the  explanation 

w  DRR  data  structure  1  050. 
If,  however,  it  is  determined  during  step  1  392  that  the  all  field  940  does  not  contain  a  named  concept,  but 

rather,  contains  a  pointerto  a  derived  descriptor  data  structure  (DCD/DID)  800  associated  with  a  concept,  then 
this  data  structure  pointed  to  by  the  pointer  must  be  analyzed  to  determine  if  some  of  the  derived  information 
associated  with  the  current  object  being  explained  has  come  from  the  TCD/DCD  being  merged  from.  Thus, 

15  the  explanation  object  generation  function  60  is  reexecuted  again  during  step  1395  with  the  following  argu- 
ments:  the  descriptor  indicated  in  the  all  field  of  the  role  restriction  (TRR/DRR)  data  structure  being  merged 
from;  the  derived  descriptor  data  structure  (DCD/DID)  800  in  the  all  field  of  the  DRR  of  the  current  object  being 
explained;  and  the  indicated  inference  type  and  inference  arguments  that  were  passed  into  the  explanation 
object  generation  function  60.  After  the  recursive  execution  of  the  explanation  object  generation  function  60 

20  during  step  1395,  program  control  will  proceed  to  step  1396. 
A  test  is  performed  during  step  1  396  to  determine  if  there  are  additional  TRR/DRR  pointers  listed  in  the 

role  restriction  pointer  field  of  the  descriptor  data  structure  currently  being  merged  from.  If  it  is  determined 
during  step  1  396  that  there  are  additional  TRRs/DRRs  to  be  evaluated,  program  control  will  return  to  step  1  360 
(FIG.  13g),  and  continue  in  the  manner  described  above. 

25  If,  however,  it  is  determined  during  step  1396  that  there  are  no  additional  TRRs/DRRs  to  be  evaluated, 
program  control  will  proceed  to  step  1  397,  where  a  test  is  performed  to  determine  if  the  user  has  set  the  pruning 
variables  to  indicate  that  redundant  one-of  restrictions  should  not  be  explained.  For  example,  if  there  is  a  first 
one-of  restriction  requiring  that  a  friend  must  be  one-of  (Sally,  Mary,  Joe)  and  a  second  one-of  restriction  re- 
quiring  that  the  friend  must  be  one-of  (Sally,  Joe),  the  first  one-of  restriction  is  said  to  be  redundant  because 

30  it  is  a  superset  of  the  second  one-of  restriction. 
Thus,  if  it  is  determined  during  step  1397  that  the  user  has  set  the  pruning  variables  to  indicate  that  re- 

dundant  one-of  restrictions  should  not  be  explained,  then  the  redundant  one-of  restrictions  should  be  deleted 
during  step  1398. 

Thereafter,  program  control  will  proceed  to  step  1399  where  the  explanation  object  generation  function 
35  60  will  return  to  the  calling  function. 

Explanation  of  Subsumption  Inferences 

As  previously  indicated,  the  explanation  subsystem  45  also  includes  an  object  subsumption  explanation 
40  function  65  and  a  rule  firing  explanation  function  70,  discussed  below  in  conjunction  with  FIGS.  14  and  15, 

respectively,  to  provide  a  user  with  an  explanation  of  subsumption  inferences,  in  other  words,  an  indication  of 
why  a  particular  object  in  the  knowledge  base  20  is  subsumed  by  a  particular  concept  or  rule  antecedent. 

The  object  subsumption  explanation  function  65,  illustrated  in  FIG.  14,  will  explain  why  a  particular  concept 
is  satisfied  by  a  particular  object  in  the  knowledge  base  20.  The  object  subsumption  explanation  function  65 

45  will  first  verify  that  the  object  being  explained  is  in  fact  subsumed  by  the  concept,  and  then  if  so,  will  indicate 
how  each  component  of  the  concept  definition  is  satisfied  by  the  object  being  explained.  As  indicated  in  FIG. 
14,  the  object  subsumption  explanation  function  65  is  entered  at  step  1400. 

The  object  subsumption  explanation  function  65  will  execute  a  subsumption  function  in  a  known  manner 
during  step  1410,  to  verify  that  the  concept  is  satisfied  by  the  object  being  explained.  For  a  discussion  of  a 

so  suitable  subsumption  function,  see  our  contemporaneously  filed  patent  application,  entitled  "Knowledge  Base 
System  with  Dependency  Information  for  Procedural  Tests,  "  incorporated  by  reference  above.  Thereafter,  a 
test  is  performed  during  step  1420  to  verify  that  the  object  is  subsumed  by  the  concept.  If  it  is  determined  during 
step  1420  that  the  object  is  not  subsumed  by  the  concept,  program  control  will  proceed  to  step  1460  where 
the  process  will  be  exited. 

55  |f,  however,  it  is  determined  during  step  1420  that  the  object  is  subsumed  by  the  concept,  the  explanation 
structures  (EDD  and  EDRRs)  associated  with  the  current  object  being  explained  will  be  cleared  during  step 
1430.  Thereafter,  the  object  subsumption  explanation  function  65  will  execute  the  concept-subsumes-object 
subroutine  75,  discussed  below  in  conjunction  with  FIG.  16,  during  step  1440  to  go  through  each  part,  orcom- 
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ponent,  of  the  concept  definition  and  to  explain  how  the  component  is  satisfied  by  the  object  being  explained. 
After  execution  of  the  concept-subsumes-object  subroutine  75,  the  explanation  objects  that  are  created 

during  step  1440  by  the  concept-subsumes-object  subroutine  75  are  printed  out.  For  each  explanation  object 
that  has  been  placed  in  the  explanation  structures  (EDD  and  EDRRs)  of  the  object  being  explained,  the  object 

5  subsumption  explanation  function  65  will  print  out  during  step  1450  an  explanation  message  with  the  appro- 
priate  text  for  each  subsumption  inference  type.  As  indicated  in  FIG.  1,  an  explanation  text  library  90  is  pre- 
ferably  maintained  which  contains  an  appropriate  text  message  for  each  inference  type. 

Thereafter,  program  control  will  proceed  to  step  1460,  where  the  execution  of  the  object  subsumption  ex- 
planation  function  65  will  be  terminated. 

10  The  rule  firing  explanation  function  70,  illustrated  in  FIG.  15,  will  explain  why  a  particular  rule  was  fired 
on  a  particular  individual.  The  rule  firing  explanation  function  70  will  first  verify  that  the  individual  being  ex- 
plained  is  in  fact  subsumed  by  the  rule  antecedent  and  filter,  if  any,  and  then  if  so,  will  indicate  how  each  com- 
ponent  of  the  rule  antecedent  definition  and  rule  filter  definition,  if  any,  are  satisfied  by  the  individual  being 
explained.  As  indicated  in  FIG.  15,  the  rule  firing  explanation  function  70  is  entered  at  step  1500. 

15  The  rule  firing  explanation  function  70  will  execute  a  subsumption  function  in  a  known  manner  during  step 
1510,  to  verify  that  the  rule  antecedent  and  filter,  if  any,  are  satisfied  by  the  individual  being  explained.  For  a 
discussion  of  a  suitable  subsumption  function,  see  our  contemporaneously  filed  patent  application,  entitled 
"Knowledge  Base  System  with  Dependency  Information  for  Procedural  Tests,"  incorporated  by  reference 
above.  Thereafter,  a  test  is  performed  during  step  1520  to  verify  that  the  individual  satisfied  the  rule  antecedent 

20  and  filter,  if  any.  If  it  is  determined  during  step  1520  that  the  individual  does  not  satisfy  the  rule  antecedent 
and  filter,  if  any,  program  control  will  proceed  to  step  1570  where  the  process  will  be  exited. 

If,  however,  it  is  determined  during  step  1  520  that  the  individual  does  satisfy  the  rule  antecedent  and  filter, 
if  any,  the  explanation  structures  (EDD  and  EDRRs)  associated  with  the  current  individual  being  explained 
will  be  cleared  during  step  1530.  Thereafter,  the  rule  firing  explanation  function  70  will  execute  the  concept- 

25  subsumes-object  subroutine  75,  discussed  below  in  conjunction  with  FIG.  16,  during  step  1540  to  go  through 
each  part,  or  component,  of  the  rule  antecedent  definition  and  to  explain  how  each  component  is  satisfied  by 
the  individual  being  explained. 

Thereafter,  the  rule  firing  explanation  function  70  will  again  execute  the  concept-subsumes-object  sub- 
routine  75,  discussed  below  in  conjunction  with  FIG.  16,  during  step  1550  to  go  through  each  part,  or  compo- 

30  nent,  of  the  filter  definition  and  to  explain  how  each  component  is  satisfied  by  the  individual  being  explained. 
After  execution  of  the  concept-subsumes-object  subroutine  75  during  steps  1540  and  1550,  the  explana- 

tion  objects  that  are  created  by  the  concept-subsumes-object  subroutine  75  during  steps  1540  and  1550  are 
printed  out.  For  each  explanation  object  that  has  been  placed  in  the  explanation  structures  (EDD  and  EDRRs) 
of  the  individual  being  explained,  the  rule  firing  explanation  function  70  will  print  out  during  step  1560  an  ex- 

35  planation  message  with  the  appropriate  text  for  each  subsumption  inference  type.  As  indicated  in  FIG.  1  ,  an 
explanation  text  library  90  is  preferably  maintained  which  contains  an  appropriate  text  message  for  each  in- 
ference  type. 

Thereafter,  program  control  will  proceed  to  step  1570,  where  the  execution  of  the  rule  firing  explanation 
function  70  will  be  terminated. 

40  As  previously  indicated  the  object  subsumption  explanation  function  65  and  the  rule  firing  explanation 
function  70  will  execute  the  concept-subsumes-object  subroutine  75  to  go  through  each  part,  or  component, 
of  a  concept  definition  and  identify  how  the  component  is  satisfied  by  an  object  being  explained.  As  indicated 
in  FIG.  16a,  the  concept-subsumes-object  subroutine  75  is  entered  at  step  1600.  The  concept-subsumes-ob- 
ject  subroutine  75  will  receive  a  more  general  concept  and  a  more  specific  object,  and  will  identify  how  the 

45  more  general  concept  subsumes  the  more  specific  object. 
Atest  is  performed  during  step  1602  to  determine  if  the  more  general  concept  is  a  named  concept.  If  it  is 

determined  during  step  1602  that  the  more  general  concept  is  not  a  named  concept,  then  a  program  control 
will  proceed  to  step  1616  (FIG.  16b),  discussed  below. 

If,  however,  it  is  determined  during  step  1602  that  the  more  general  concept  is  a  named  concept,  then  a 
so  test  is  performed  during  step  1604  to  determine  if  the  more  general  concept  is  a  primitive  concept.  If  it  is  de- 

termined  during  step  1604  that  the  more  general  concept  is  a  primitive  concept,  then  the  reason  why  the  more 
specific  object  is  subsumed  by  the  more  general  concept  must  be  that  the  more  general  concept  is  in  the  list 
of  primitives  of  the  more  specific  object.  Accordingly,  a  message  is  printed  out  during  step  1606  to  indicate 
that  the  more  specific  object  is  subsumed  by  the  more  general  concept  due  to  the  primitive-subset  subsumption 

55  inference.  Thereafter,  program  control  will  return  during  step  1612  to  the  calling  function. 
If,  however,  it  is  determined  during  step  1604  that  the  more  general  concept  is  not  a  primitive  concept, 

then  a  test  is  performed  during  step  1608  to  determine  if  the  more  general  concept  is  listed  in  the  told  parents 
field  of  the  told  descriptor  data  structure  (TCD/TID)  600  associated  with  the  more  specific  object.  If  it  is  de- 
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termined  during  step  1608  that  the  more  general  concept  is  not  listed  in  the  told  parents  field  of  the  told  de- 
scriptor  data  structure  (TCD/TID)  600  associated  with  the  more  specific  object,  program  control  will  proceed 
to  step  1616  (FIG.  16b). 

If,  however,  it  is  determined  during  step  1608  that  the  more  general  concept  is  listed  in  the  told  parents 
5  field  of  the  told  descriptor  data  structure  (TCD/TID)  600  associated  with  the  more  specific  object,  then  a  mes- 

sage  is  printed  out  during  step  1610  to  indicate  that  the  more  specific  object  is  subsumed  by  the  more  general 
concept  due  to  told  information.  Thereafter,  program  control  will  return  during  step  1612  to  the  calling  function. 

If  the  more  general  concept  is  not  a  named  concept,  or  is  a  named  concept,  but  is  not  a  primitive  concept 
or  a  told  parent,  then  each  field  of  the  data  structures  associated  with  the  more  general  concept  must  be  trav- 

10  ersed  to  indicate  how  the  associated  restriction  is  satisfied  by  the  more  specific  object.  Thus,  a  test  is  per- 
formed  during  step  1616  to  determine  if  there  is  information  in  the  one-of  field  of  the  more  general  concept.  If 
it  is  determined  during  step  1616  that  there  is  no  information  in  the  one-of  field,  program  control  will  proceed 
to  step  1628  (FIG.  16c). 

If,  however,  it  is  determined  during  step  1616  that  there  is  information  in  the  one-of  field,  then  a  test  is 
15  performed  during  step  1618  to  determine  if  the  more  specific  object  is  an  individual  or  a  concept,  because 

different  subsumption  inferences  will  apply  to  each  case.  If  it  is  determined  during  step  1618  that  the  more 
specific  object  is  an  individual,  the  list  of  applicable  inferences  will  be  set  during  step  1620  to  indicate  that  the 
one-of  restriction  must  be  satisfied  due  to  the  subsumption  inference,  ind-member-of-  one-of. 

If,  however,  it  is  determined  during  step  161  8  that  the  more  specific  object  is  a  concept,  the  list  of  applicable 
20  inferences  will  be  set  during  step  1622  to  indicate  that  the  one-of  restriction  must  be  satisfied  due  to  the  sub- 

sumption  inference,  one-of-subset,  or  interval-satisfies-one-of. 
Thereafter,  the  appropriate  subsumption  inference  for  the  one-of  restriction  is  selected  during  step  1624 

from  the  list  of  applicable  inferences  that  was  defined  by  either  step  1620  or  1622,  utilizing  the  criteria  in  Ap- 
pendix  3  for  each  subsumption  inference  on  the  list  of  applicable  inferences.  An  explanation  object  is  created 

25  during  step  1626  with  the  selected  subsumption  inference  type  and  inference  arguments,  if  any,  and  placed 
in  the  one-of  field  of  the  explanation  structure  (EDD)  of  the  more  specific  object.  Thereafter,  program  control 
will  proceed  to  step  1628  (FIG.  16c). 

Atest  is  performed  during  step  1628  to  determine  if  there  is  information  in  the  test  field  of  the  more  general 
concept.  If  it  is  determined  during  step  1628  that  there  is  no  information  in  the  test  field,  program  control  will 

30  proceed  to  step  1642  (FIG.  16d). 
If,  however,  it  is  determined  during  step  1628  that  there  is  information  in  the  test  field,  then  a  test  is  per- 

formed  during  step  1630  to  determine  if  the  more  specific  object  is  an  individual  ora  concept,  because  different 
subsumption  inferences  will  apply  to  each  case.  If  it  is  determined  during  step  1630  that  the  more  specific  object 
is  an  individual,  the  list  of  applicable  inferences  for  the  current  test  restriction  will  be  set  during  step  1632  to 

35  indicate  that  the  test  restriction  must  be  satisfied  due  to  the  subsumption  inference,  ind-passes-test  or  test- 
existence. 

If,  however,  it  is  determined  during  step  1630  that  the  more  specific  object  is  a  concept,  the  list  of  applicable 
inferences  will  be  set  during  step  1634  to  indicate  that  the  test  restriction  must  be  satisfied  due  to  the  sub- 
sumption  inference,  test-subset,  or  one-of-satisfies-test. 

40  Thereafter,  the  appropriate  subsumption  inference  for  the  test  restriction  is  selected  during  step  1636  from 
the  list  of  applicable  inferences  that  was  defined  by  either  step  1632  or  1634,  utilizing  the  criteria  in  Appendix 
3  for  each  subsumption  inference  on  the  list  of  applicable  inferences.  An  explanation  object  is  created  during 
step  1638  with  the  selected  subsumption  inference  type  and  inference  arguments,  if  any,  and  placed  in  the 
test  field  of  the  explanation  structure  (EDD)  of  the  more  specific  object. 

45  A  test  is  performed  during  step  1639  to  determine  if  the  more  specific  object  is  an  individual,  and  if  so, 
whether  there  are  additional  test  restrictions  to  be  evaluated.  If  it  is  determined  during  step  1639  that  the  more 
specific  object  is  an  individual  and  there  are  additional  test  restriction  to  be  evaluated,  program  control  will 
return  to  step  1632,  and  continue  in  the  manner  described  above.  If,  however,  it  is  determined  during  step  1639 
that  the  more  specific  object  is  not  an  individual  or  there  are  no  additional  test  restriction  to  be  evaluated,  pro- 

50  gram  control  will  proceed  to  step  1642  (FIG.  16d). 
Atest  is  performed  during  step  1642  to  determine  if  there  is  information  in  the  same-as  field  of  the  more 

general  concept.  If  it  is  determined  during  step  1642  that  there  is  no  information  in  the  same-as  field,  program 
control  will  proceed  to  step  1655  (FIG.  16e). 

If,  however,  it  is  determined  during  step  1642  that  there  is  information  in  the  same-as  field,  then  a  test  is 
55  performed  during  step  1  643  to  determine  if  the  same-as-subset  subsumption  inference  applies,  using  the  cri- 

teria  in  Appendix  3.  If  it  is  determined  during  step  1643  that  the  same-as-subset  subsumption  inference  does 
apply,  then  an  explanation  object  is  created  during  step  1644  with  the  same-as-subset  subsumption  inference 
type  and  inference  arguments,  if  any,  and  placed  in  the  same-as  field  of  the  explanation  structure  (EDD)  of 
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the  more  specific  object.  Thereafter,  program  control  will  proceed  to  step  1655  (FIG.  16e). 
If,  however,  it  is  determined  during  step  1643  that  the  same-as-subset  subsumption  inference  does  not 

apply,  then  a  test  is  performed  during  step  1646  to  determine  if  the  more  specific  object  is  an  individual  or  a 
concept,  because  different  subsumption  inferences  will  apply  to  each  case.  If  it  is  determined  during  step  1646 

5  that  the  more  specific  object  is  an  individual,  the  list  of  applicable  inferences  will  be  set  during  step  1648  to 
indicate  that  the  same-as  restriction  must  be  satisfied  due  to  the  subsumption  inference,  same-as  existence, 
transitive-closure-or-distribution,  satisfies-same-as-with-filler  or  ind-satisfies-same-as-with-filler-and-paths. 

If,  however,  it  is  determined  during  step  1646  that  the  more  specific  object  is  a  concept,  the  list  of  applicable 
inferences  will  be  set  during  step  1650  to  indicate  that  the  test  restriction  must  be  satisfied  due  to  the  sub- 

10  sumption  inference,  same-as  existence,  transitive-closure-or-distribution,  or  satisfies-same-as-with-filler. 
Thereafter,  the  appropriate  subsumption  inference  for  the  same-as  restriction  is  selected  during  step  1652 

from  the  list  of  applicable  inferences  that  was  defined  by  either  step  1648  or  1650,  utilizing  the  criteria  in  Ap- 
pendix  3  for  each  subsumption  inference  on  the  list  of  applicable  inferences.  An  explanation  object  is  created 
during  step  1653  with  the  selected  subsumption  inference  type  and  inference  arguments,  if  any,  and  placed 

15  in  the  same-as  field  of  the  explanation  structure  (EDD)  of  the  more  specific  object. 
Atest  is  performed  during  step  1654  to  determine  if  there  are  additional  same-as  restrictions  to  be  eval- 

uated.  If  it  is  determined  during  step  1654  that  there  are  additional  same-as  restrictions  to  be  evaluated,  then 
program  control  will  return  to  step  1646,  and  proceed  in  the  manner  described  above. 

If,  however,  it  is  determined  during  step  1654  that  there  are  no  additional  same-as  restrictions  to  be  eval- 
20  uated,  then  program  control  will  proceed  to  step  1655  (FIG.  16e). 

Atest  is  performed  during  step  1655  to  determine  if  there  is  information  in  the  primitive  field  of  the  more 
general  concept.  If  it  is  determined  during  step  1655  that  there  is  no  information  in  the  primitives  field,  program 
control  will  proceed  to  step  1660  (FIG.  16f). 

If,  however,  it  is  determined  during  step  1655  that  there  is  information  in  the  primitives  field,  then  a  test  is 
25  performed  during  step  1656  to  determine  if  the  user  has  set  the  pruning  variable,  discussed  above,  to  indicate 

that  primitives  should  not  be  explained.  If  it  is  determined  during  step  1656  that  the  user  has  set  the  pruning 
variables  to  indicate  that  primitives  should  not  be  explained,  then  program  control  will  proceed  to  step  1660 
(FIG.  16f),  discussed  below. 

If,  however,  it  is  determined  during  step  1656  that  the  user  has  not  set  the  pruning  variables  to  indicate 
30  that  primitives  should  be  explained,  then  the  list  of  applicable  inferences  will  be  set  during  step  1657  to  indicate 

that  the  primitives  restriction  must  be  satisfied  due  to  the  subsumption  inference,  primitive-subset. 
Thereafter,  an  explanation  object  is  created  during  step  1659  with  the  primitive-subset  subsumption  infer- 

ence  type  and  placed  in  the  primitives  field  of  the  explanation  structure  (EDD)  of  the  more  specific  object. 
Thereafter,  program  control  will  proceed  to  step  1660  (FIG.  16f). 

35  Atest  is  performed  during  step  1660  to  determine  if  the  more  specific  object  is  a  concept.  If  it  is  determined 
during  step  1660  that  the  more  specific  object  is  not  a  concept,  program  control  will  proceed  to  step  1670  (FIG. 
16g). 

If,  however,  it  is  determined  during  step  1660  that  the  more  specific  object  is  a  concept,  then  a  test  is  per- 
formed  during  step  1661  to  determine  if  there  is  information  in  the  min  field  of  the  more  general  concept.  If  it 

40  is  determined  during  step  1661  that  there  is  no  information  in  the  min  field,  program  control  will  proceed  to 
step  1665. 

If,  however,  it  is  determined  during  step  1661  that  there  is  information  in  the  min  field,  then  the  list  of  ap- 
plicable  inferences  will  be  set  during  step  1662  to  indicate  that  the  min  restriction  must  be  satisfied  due  to  the 
subsumption  inference,  min-ordering  or  one-of-satisfies-min. 

45  Thereafter,  the  appropriate  subsumption  inference  for  the  min  restriction  is  selected  during  step  1663  from 
the  list  of  applicable  inferences  that  was  defined  during  step  1662,  utilizing  the  criteria  in  Appendix  3  for  each 
subsumption  inference  on  the  list  of  applicable  inferences.  An  explanation  object  is  created  during  step  1664 
with  the  selected  subsumption  inference  type  and  inference  arguments,  if  any,  and  placed  in  the  min  field  of 
the  explanation  structure  (EDD)  of  the  more  specific  object.  Thereafter,  program  control  will  proceed  to  step 

50  1665. 
Atest  is  performed  during  step  1665  to  determine  if  there  is  information  in  the  max  field  of  the  more  general 

concept.  If  it  is  determined  during  step  1665  that  there  is  no  information  in  the  max  field,  program  control  will 
proceed  to  step  1670  (FIG.  16g). 

If,  however,  it  is  determined  during  step  1665  that  there  is  information  in  the  max  field,  then  the  list  of  ap- 
55  plicable  inferences  will  be  set  during  step  1666  to  indicate  that  the  max  restriction  must  be  satisfied  due  to  the 

subsumption  inference,  max-ordering  or  one-of-satisfies-max. 
Thereafter,  the  appropriate  subsumption  inference  for  the  max  restriction  is  selected  during  step  1667  from 

the  list  of  applicable  inferences  that  was  defined  during  step  1666,  utilizing  the  criteria  in  Appendix  3  for  each 
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subsumption  inference  on  the  list  of  applicable  inferences.  An  explanation  object  is  created  during  step  1668 
with  the  selected  subsumption  inference  type  and  inference  arguments,  if  any,  and  placed  in  the  max  field  of 
the  explanation  structure  (EDD)  of  the  more  specific  object.  Thereafter,  program  control  will  proceed  to  step 
1670  (FIG.  16g). 

5  The  current  DRR  associated  with  the  more  general  concept  and  the  comparable  DRR  associated  with  the 
more  specific  object  are  retrieved  during  step  1670.  Thereafter,  a  test  is  performed  during  step  1673  to  deter- 
mine  if  the  user  has  set  the  pruning  variable,  discussed  above,  to  indicate  that  at  least  restrictions  should  not 
be  explained.  If  it  is  determined  during  step  1673  that  the  user  has  set  the  pruning  variables  to  indicate  that  at 
least  restrictions  should  not  be  explained,  then  program  control  will  proceed  to  step  1677,  discussed  below. 

10  If,  however,  it  is  determined  during  step  1673  that  the  user  has  not  set  the  pruning  variables  to  indicate 
that  at  least  restrictions  should  be  explained,  then  a  test  is  performed  during  step  1674  to  determine  if  there 
is  any  information  in  the  at  least  field  of  the  current  DRR  of  the  more  general  concept.  If  it  is  determined  during 
step  1674  that  there  is  no  information  in  the  at  least  field  of  the  current  DRR  of  the  more  general  concept,  then 
program  control  will  proceed  to  step  1677,  discussed  below. 

15  If,  however,  it  is  determined  during  step  1674  that  there  is  information  in  the  at  least  field  of  the  current 
DRR  of  the  more  general  concept,  then  the  list  of  applicable  inferences  will  be  set  during  step  1675  to  indicate 
that  the  at  least  restriction  must  be  satisfied  due  to  the  subsumption  inference,  at-least-ordering. 

Thereafter,  an  explanation  object  is  created  during  step  1676  with  the  at-least-ordering  subsumption  in- 
ference  type  and  arguments,  which  is  then  placed  in  the  at  least  field  of  the  current  explanation  structure 

20  (EDRR)  of  the  more  specific  object.  Thereafter,  program  control  will  proceed  to  step  1677. 
Atest  is  performed  during  step  1677  to  determine  if  the  user  has  set  the  pruning  variable,  discussed  above, 

to  indicate  that  at  most  restrictions  should  not  be  explained.  If  it  is  determined  during  step  1677  that  the  user 
has  set  the  pruning  variables  to  indicate  that  at  most  restrictions  should  not  be  explained,  then  program  control 
will  proceed  to  step  1682  (FIG.  16h),  discussed  below. 

25  If,  however,  it  is  determined  during  step  1677  that  the  user  has  not  set  the  pruning  variables  to  indicate 
that  at  most  restrictions  should  be  explained,  then  a  test  is  performed  during  step  1678  to  determine  if  there 
is  any  information  in  the  at  most  field  of  the  current  DRR  of  the  more  general  concept.  If  it  is  determined  during 
step  1678  that  there  is  no  information  in  the  at  most  field  of  the  current  DRR  of  the  more  general  concept,  then 
program  control  will  proceed  to  step  1682  (FIG.  16h),  discussed  below. 

30  If,  however,  it  is  determined  during  step  1678  that  there  is  information  in  the  at  most  field  of  the  current 
DRR  of  the  more  general  concept,  then  the  list  of  applicable  inferences  will  be  set  during  step  1679  to  indicate 
that  the  at  most  restriction  must  be  satisfied  due  to  the  subsumption  inference,  at-most-ordering. 

Thereafter,  an  explanation  object  is  created  during  step  1680  with  the  at-most-ordering  subsumption  in- 
ference  type  and  arguments,  which  is  then  placed  in  the  at  most  field  of  the  current  explanation  structure 

35  (EDRR)  of  the  more  specific  object.  Thereafter,  program  control  will  proceed  to  step  1682  (FIG.  16h). 
Atest  is  performed  during  step  1682  to  determine  if  there  is  any  information  in  the  fills  field  of  the  current 

DRR  of  the  more  general  concept.  If  it  is  determined  during  step  1682  that  there  is  no  information  in  the  fills 
field  of  the  current  DRR  of  the  more  general  concept,  then  program  control  will  proceed  to  step  1685,  discussed 
below. 

40  If,  however,  it  is  determined  during  step  1682  that  there  is  information  in  the  fills  field  of  the  current  DRR 
of  the  more  general  concept,  then  the  list  of  applicable  inferences  will  be  set  during  step  1683  to  indicate  that 
the  fills  restriction  must  be  satisfied  due  to  the  subsumption  inference,  filler-subset. 

Thereafter,  an  explanation  object  is  created  during  step  1684  with  the  filler-subset  subsumption  inference 
type  and  arguments,  which  is  then  placed  in  the  fills  field  of  the  current  explanation  structure  (EDRR)  of  the 

45  more  specific  object.  Thereafter,  program  control  will  proceed  to  step  1685. 
Atest  is  performed  during  step  1685  to  determine  if  there  is  any  information  in  the  all  field  of  the  current 

DRR  of  the  more  general  concept,  other  than  "thing".  It  is  noted  that  all  objects  in  the  knowledge  base  20  should 
satisfy  the  top  level  concept  "thing".  If  it  is  determined  during  step  1685  that  there  is  no  information  in  the  all 
field  of  the  current  DRR  of  the  more  general  concept,  then  program  control  will  proceed  to  step  1696  (FIG. 

so  16i),  discussed  below. 
If,  however,  it  is  determined  during  step  1685  that  there  is  information  in  the  all  field  of  the  current  DRR 

of  the  more  general  concept,  then  a  test  is  performed  during  step  1687  to  determine  if  the  more  general  con- 
cept's  all  restriction  subsumes  the  more  specific  object's  all  restriction.  If  it  is  determined  during  step  1687 
that  the  more  general  concept's  all  restriction  does  not  subsume  the  more  specific  object's  all  restriction,  then 

55  program  control  will  proceed  to  step  1694  (FIG.  16i). 
If,  however,  it  is  determined  during  step  1687  that  the  more  general  concept's  all  restriction  does  subsume 

the  more  specific  object's  all  restriction,  then  a  test  is  performed  during  step  1689  (FIG.  16i)  to  determine  if 
the  more  specific  object's  all  restriction  is  a  named  concept.  If  it  is  determined  during  step  1689  that  the  more 
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object  is  a  named  concept,  then  the  list  of  applicable  inferences  will  be  set  during  step  1691  to  indicate  that 
the  all  restriction  must  be  satisfied  due  to  the  subsumption  inference,  identical-all-  restriction  or  subsuming- 
all-restriction. 

Thereafter,  the  appropriate  subsumption  inference  for  the  all  restriction  is  selected  during  step  1692  from 
5  the  list  of  applicable  inferences  that  was  defined  during  step  1691,  utilizing  the  criteria  in  Appendix  3  for  each 

subsumption  inference  on  the  list  of  applicable  inferences.  An  explanation  object  is  created  during  step  1692 
with  the  selected  subsumption  inference  type  and  inference  arguments,  if  any,  and  placed  in  the  all  field  of 
the  current  explanation  structure  (EDRR)  of  the  more  specific  object.  Thereafter,  program  control  will  proceed 
to  step  1696. 

10  If,  however,  it  is  determined  during  step  1689  that  the  more  specific  object's  all  restriction  is  not  a  named 
concept,  then  the  concept-subsumes-object  subroutine  75  is  reexecuted  during  step  1690  to  setup  explanation 
structures  explaining  why  the  more  general  concept's  all  restriction  subsumes  the  more  specific  object's  all 
restriction.  Thereafter,  program  control  will  proceed  to  step  1696. 

If  it  was  determined  during  step  1687  that  the  more  general  concept's  all  restriction  did  not  subsume  the 
15  more  specific  object's  all  restriction,  then  program  control  proceeded  to  step  1694.  The  list  of  applicable  in- 

ferences  will  be  set  during  step  1694  to  indicate  that  the  current  all  restriction  must  be  satisfied  due  to  the  sub- 
sumption  inference,  fillers-and-at-most-satisfies-all.  Thereafter,  an  explanation  object  is  created  during  step 
1  695  with  the  fillers-and-at-most-satisfies-all  subsumption  inference  type  and  arguments,  which  is  then  placed 
in  the  all  field  of  the  current  explanation  structure  (EDRR)  of  the  more  specific  object.  Thereafter,  program 

20  control  will  proceed  to  step  1696. 
Atest  is  performed  during  step  1696  to  determine  if  there  are  additional  DRRs  in  the  more  general  concept 

to  be  evaluated.  If  it  is  determined  during  step  1696  that  there  are  additional  DRRs  in  the  more  general  concept 
to  be  evaluated,  then  program  control  will  return  to  step  1670  and  continue  in  the  manner  described  above. 

If,  however,  it  is  determined  during  step  1696  that  there  are  no  additional  DRRs  in  the  more  general  concept 
25  to  be  evaluated,  then  program  control  will  return  to  the  calling  function  during  step  1697. 

It  is  noted  that  that  the  explanation  subsystem  45  could  be  configured  to  also  provide  an'  explanation  of 
why  a  particular  concept  or  rule  antecedent  is  not  satisfied  by  a  particular  object  in  the  knowledge  base  20. 
In  one  embodiment,  if  it  is  determined  that  a  particular  concept  or  rule  antecedent  is  not  satisfied  by  a  particular 
object,  then  for  each  component  or  part  of  the  concept  or  rule  that  is  not  satisfied,  the  explanation  subsystem 

30  45  will  preferably  indicate  the  appropriate  "why  not"  subsumption  inference  from  the  inferences  listed  in  Ap- 
pendix  4  to  explain  why  that  component  is  not  satisfied  by  the  particular  object. 

Complete  Explanation  Function 

35  As  previously  indicated,  the  complete  explanation  function  55,  illustrated  in  FIG.  17,  provides  a  user  with 
a  complete  explanation  of  the  information  for  a  particular  object  by  recursively  tracing  back  the  source  of  each 
piece  of  information  until  it  reaches  the  point  that  the  source  of  the  information  is  told  information  which  has 
been  asserted  by  the  user  or  the  result  of  a  rule  firing.  As  shown  in  FIG.  17,  the  complete  explanation  function 
55  is  entered  at  step  1700. 

40  As  previously  indicated,  each  object  in  the  knowledge  base  20  will  have  associated  explanation  data  struc- 
tures  for  storing  explanation  information  for  the  associated  object.  Specifically,  each  object  in  the  knowledge 
base  20  will  have  an  associated  explanation  derived  descriptor  (EDD)  data  structure  1  000,  shown  in  FIG.  1  0a, 
for  explaining  the  information  that  is  stored  in  the  derived  descriptor  data  structure  (DCD/DID)  800  associated 
with  the  object  being  explained.  In  addition,  for  each  role  defined  in  the  knowledge  base  20  which  has  been 

45  restricted  on  this  object,  the  object  will  have  a  explanation  DRR  (EDRR)  data  structure  1050,  shown  in  FIG. 
10b,  for  explaining  the  information  that  is  stored  in  the  associated  derived  role  restriction  (DRR)  data  structure 
900  for  the  object. 

Each  of  the  EDD  and  EDRR  data  structures  associated  with  the  current  object  being  completely  explained 
are  preferably  cleared  during  step  1705.  Thereafter,  two  global  variables,  rule-firing-list  and  print-list,  are  ini- 

50  tialized,  which  are  utilized  to  maintain  a  list  of  applicable  rules,  and  a  list  of  the  concepts  and  individuals  whose 
explanation  structures  should  be  printed,  respectively. 

Thereafter,  the  setup  explanation  structure  function  58  is  executed  during  step  1715,  in  the  manner  de- 
scribed  above  in  conjunction  with  FIG.  12,  for  the  current  object  being  completely  explained.  The  setup  ex- 
planation  structure  function  58  will  generate  the  appropriate  first  level  explanation  objects  to  explain  each 

55  piece  of  information  stored  for  the  object,  in  accordance  with  the  explanation  limitation  requests  of  the  user. 
An  indication  of  the  current  object  being  explained  is  added  to  the  variable,  print-list,  during  step  1715. 

Following  execution  of  the  setup  explanation  structure  function  58,  at  least  one  explanation  object  has 
been  generated  for  each  piece  of  information  that  is  stored  for  the  current  object  being  completely  explained, 
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in  accordance  with  the  explanation  limitation  requests  of  the  user.  As  previously  indicated,  each  explanation 
object  includes  an  indication  of  the  inference  type  and  the  arguments  associated  with  the  inference,  if  any. 

The  complete  explanation  function  55  will  execute  an  explanation  structure  analysis  function  80,  dis- 
cussed  below  in  conjunction  with  FIG.  18,  during  step  1720,  in  order  to  identify  those  pieces  of  information 

5  that  were  explained  on  the  first  level  during  step  1715  which  require  further  explanation.  As  discussed  further 
below,  following  execution  of  the  explanation  structure  analysis  function  80,  program  execution  will  return  to 
the  complete  explanation  function  55  at  step  1722. 

The  complete  explanation  function  55  will  print  out  the  explanation  information  during  step  1  722.  For  each 
object  that  is  listed  in  the  variable,  print-list,  the  complete  explanation  function  55  will  print  out  the  explanation 

10  objects  from  each  of  the  associated  explanation  structures  with  a  message  that  is  appropriate  for  the  particular 
type  of  inference  associated  with  the  explanation  object.  As  indicated  in  FIG.  1,  an  explanation  text  library  90 
is  preferably  maintained  which  contains  an  appropriate  text  message  for  each  inference  type. 

After  each  of  the  explanation  objects  that  were  generated  by  the  complete  explanation  function  55  during 
steps  1715  and  1720  have  been  printed  out,  program  control  will  proceed  to  step  1725. 

15  A  test  is  performed  during  step  1725  to  determine  if  there  is  any  information  stored  in  the  variable,  rule- 
firing-  list,  which  may  have  been  modified  during  execution  of  the  explanation  structure  analysis  function  80. 
If  it  is  determined  during  step  1725  that  there  is  no  information  stored  in  the  variable,  rule-firing-list,  program 
control  will  proceed  to  step  1755,  discussed  below. 

If,  however,  it  is  determined  during  step  1725  that  there  is  information  stored  in  the  variable,  rule-firing- 
20  list,  then  a  test  is  performed  during  step  1730  to  determine  if  the  user  has  set  the  pruning  variables  to  indicate 

that  rule  firings  should  not  be  explained.  If  it  is  determined  during  step  1730  that  the  user  has  indicated  that 
rule  firings  should  not  be  explained,  then  program  control  will  proceed  to  step  1755,  discussed  below. 

If,  however,  it  is  determined  during  step  1730  that  the  user  has  indicated  that  rule  firings  should  be  ex- 
plained,  then  the  rule  firing  explanation  function  70,  discussed  above  in  conjunction  with  FIG.  15,  will  be  exe- 

25  cuted  during  step  1  735  for  the  current  rule  identified  on  the  returned  rule-firing-list.  The  rule  firing  explanation 
function  70  will  explain  why  the  rule  fired  for  the  current  individual  being  explained,  in  other  words,  how  the 
antecedent  and  filters,  if  any,  of  the  current  rule  are  satisfied  by  the  individual  being  explained. 

Atest  is  performed  during  step  1745  to  determine  if  there  are  additional  rules  listed  in  the  variable,  rule- 
firing-list,  to  be  evaluated.  If  it  is  determined  during  step  1745  that  there  are  additional  rules  to  be  evaluated, 

30  program  control  will  return  to  step  1735,  and  continue  in  the  manner  described  above. 
If,  however,  it  is  determined  during  step  1745  that  there  are  no  additional  rules  to  be  evaluated,  program 

control  will  proceed  to  step  1755,  where  program  execution  will  terminate. 
As  previously  indicated,  the  complete  explanation  function  55  will  execute  an  explanation  structure  ana- 

lysis  function  80,  illustrated  in  FIG.  18,  during  step  1720.  The  explanation  structure  analysis  function  80  will 
35  analyze  the  first  level  explanation  structures  created  for  the  current  object  being  explained  during  step  1715 

of  the  complete  explanation  function  55  and  identify  those  pieces  of  information  which  should  be  further  ex- 
plained.  As  discussed  further  below,  the  explanation  structure  analysis  function  80  will  execute  an  explanation 
object  analysis  function  85,  illustrated  in  FIG.  19,  for  each  explanation  object  to  determine  how  to  obtain  the 
necessary  further  explanation  based  on  the  inference  type  associated  with  each  explanation  object.  Essen- 

40  tially,  the  explanation  object  analysis  function  85  determines  what  the  next  logical  question  would  be  as  each 
piece  of  information  is  explained. 

As  shown  in  FIG.  18,  the  explanation  structure  analysis  function  80  will  be  entered  at  step  1800.  The  ex- 
planation  structure  analysis  function  80  will  retrieve  the  explanation  derived  descriptor  (EDD)  data  structure 
1000  associated  with  the  current  object  being  explained  during  step  1805,  in  order  that  each  explanation  object 

45  in  the  EDD  and  associated  EDRRs  may  be  analyzed  to  determine  if  further  explanation  is  necessary. 
The  explanation  object  analysis  function  85,  discussed  below  in  conjunction  with  FIGS.  19a  through  19c, 

is  executed  during  step  1810  for  the  current  explanation  object  in  the  EDD  with  the  following  arguments:  an 
indication  of  the  current  explanation  object,  an  indication  of  the  aspect  associated  with  the  current  explanation 
object,  and  current  role-path.  As  discussed  below,  the  explanation  object  analysis  function  85  will  determine 

so  if  the  information  explained  by  the  explanation  object  needs  further  explanation,  and  if  so,  how  the  further 
information  is  obtained. 

Following  execution  of  the  explanation  object  analysis  function  85,  a  test  is  performed  during  step  1815 
to  determine  if  there  are  additional  explanation  objects  in  the  current  EDD  to  be  evaluated.  If  it  is  determined 
during  step  1815  that  there  are  additional  explanation  objects  to  be  evaluated,  program  control  will  return  to 

55  step  1810,  and  continue  in  the  manner  described  above. 
If,  however,  it  is  determined  during  step  1815  that  there  are  no  additional  explanation  objects  to  be  eval- 

uated,  program  control  will  proceed  to  step  1820,  wherein  the  explanation  structure  analysis  function  80  will 
begin  analyzing  the  explanation  structures  (EDRRs)  associated  with  the  roles  of  the  current  object  being  ex- 
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plained.  The  explanation  object  analysis  function  85  will  retrieve  each  of  the  explanation  DRRs  (EDRRs)  as- 
sociated  with  the  current  object  being  explained  during  step  1820. 

Thereafter,  the  explanation  structure  analysis  function  80  will  execute  the  explanation  object  analysis 
function  85  (FIG.  19)  on  the  current  explanation  object  in  the  current  EDRR  with  the  following  arguments:  an 

5  indication  of  the  current  explanation  object,  an  indication  of  the  aspect  associated  with  the  current  explanation 
object,  and  an  indication  of  the  current  role-path  associated  with  the  current  EDRR.  As  discussed  below,  the 
explanation  object  analysis  function  85  will  determine  if  the  information  explained  by  the  explanation  object 
needs  further  explanation,  and  if  so,  how  the  further  information  is  obtained. 

Following  execution  of  the  explanation  object  analysis  function  85,  a  test  is  performed  during  step  1830 
10  to  determine  if  there  are  additional  explanation  objects  in  the  current  EDRR  to  be  evaluated.  If  it  is  determined 

during  step  1830  that  there  are  additional  explanation  objects  to  be  evaluated,  program  control  will  return  to 
step  1825,  and  continue  in  the  manner  described  above. 

If,  however,  it  is  determined  during  step  1830  that  there  are  no  additional  explanation  objects  to  be  eval- 
uated  in  the  current  EDRR,  program  control  will  proceed  to  step  1835,  wherein  the  explanation  structure  ana- 

15  lysis  function  80  will  recursively  execute  the  explanation  structure  analysis  function  80  on  the  derived  descrip- 
tor  indicated  in  the  all  field  940  of  the  derived  role  restriction  (DRR)  data  structure  900  associated  with  the 
current  EDRR  if  the  all  restriction  on  the  current  DRR  of  the  current  object  is  a  named  concept.  In  this  manner, 
information  associated  with  the  indicated  concept  will  then  be  completely  explained. 

Following  execution  of  the  explanation  structure  analysis  function  80  during  step  1835,  a  test  is  performed 
20  during  step  1840  to  determine  if  there  are  additional  EDRRs  to  be  evaluated.  If  it  is  determined  during  step 

1  840  that  there  are  additional  EDRRs  to  be  evaluated,  program  control  will  return  to  step  1  825  to  process  the 
next  EDRR,  and  continue  in  the  manner  described  above. 

If,  however,  it  is  determined  during  step  1  840  that  there  are  no  additional  EDRRs  to  be  evaluated,  program 
control  will  proceed  to  step  1845,  wherein  execution  of  the  explanation  structure  analysis  function  80  will  be 

25  terminated. 
The  explanation  object  analysis  function  85,  discussed  in  conjunction  with  FIGS.  19a  through  19c,  is  exe- 

cuted  by  the  explanation  structure  analysis  function  80  to  analyze  each  explanation  object  associated  with  an 
object  currently  being  explained.  The  explanation  object  analysis  function  85  will  determine  if  the  information 
explained  by  the  explanation  object  being  analyzed  needs  further  explanation,  and  if  so,  how  the  further  in- 

30  formation  is  obtained.  As  previously  indicated,  the  explanation  object  analysis  function  85  essentially  deter- 
mines  what  the  next  logical  question  would  be  as  each  piece  of  information  is  explained.  The  explanation  object 
analysis  function  85  receives  the  following  arguments:  an  indication  of  the  explanation  object  to  be  analyzed, 
an  indication  of  the  aspect  associated  with  the  current  explanation  object,  and  an  indication  of  the  role-path 
associated  with  the  current  explanation  object,  if  any. 

35  As  shown  in  FIG.  19a,  the  explanation  object  analysis  function  85  will  be  entered  at  step  1900.  The  infer- 
ence  type  is  tested  against  a  number  of  test  conditions  in  steps  1904,  1932,  1948,  1960  and  1980  until  a  match 
is  found.  Once  the  inference  type  has  been  classified,  the  explanation  object  analysis  function  85  can  identify 
what  the  next  step  in  the  explanation  process  should  be. 

A  test  is  performed  during  step  1904  to  determine  if  the  inference  type  of  the  current  explanation  object 
40  is  a  propagation.  If  it  is  determined  during  step  1904  that  the  current  inference  type  is  not  a  propagation,  pro- 

gram  control  will  proceed  to  step  1932  (FIG.  19b),  discussed  below. 
If,  however,  it  is  determined  during  step  1904  that  the  current  inference  type  is  a  propagation,  then  two 

next  level  questions  are  implicated.  First,  a  user  would  likely  want  to  know  how  the  individual  who  the  infor- 
mation  was  propagated  from  received  the  propagated  information.  Second,  the  user  would  likely  want  to  know 

45  how  the  individual  who  the  information  was  propagated  from  received  the  current  individual  being  explained 
as  a  filler. 

Thus,  to  answer  the  first  question,  the  explanation  object  analysis  function  85  will  execute  during  step  1  908 
the  setup  explanation  structure  function  58,  discussed  above  in  conjunction  with  FIG.  12,  for  the  individual 
that  the  information  was  propagated  from.  The  explanation  requested  during  step  1908  is  preferably  limited 

so  to  the  role-path  along  which  the  information  was  propagated,  which  is  an  inference  argument  listed  in  the  ex- 
planation  object,  and  the  explanation  should  also  be  limited  to  the  aspect  associated  with  the  current  explan- 
ation  object. 

It  is  noted  that  upon  execution  of  the  setup  explanation  structure  function  58  during  step  1908,  the  ex- 
planation  objects  that  were  created  to  explain  how  the  individual  that  the  information  was  propagated  from 

55  received  the  information  will  be  placed  in  an  explanation  structure  associated  with  the  individual  that  the  in- 
formation  was  propagated  from.  Accordingly,  the  individual  that  the  information  was  propagated  from  must  be 
added  to  the  print-list  during  step  1912. 

In  addition,  the  explanation  objects  that  were  created  during  step  1908  to  explain  how  the  individual  that 
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the  information  was  propagated  from  received  the  information  may  also  need  to  be  further  explained.  Accord- 
ingly,  the  explanation  object  analysis  function  85  will  be  recursively  executed  during  step  1916  to  analyze  the 
new  explanation  objects.  In  this  manner,  the  explanation  object  analysis  function  85  will  continue  to  explain 
the  piece  of  information  explained  by  the  current  explanation  object  until  the  source  of  the  information  is  told 

5  information  or  the  result  of  a  rule  firing. 
Thereafter,  a  test  is  performed  during  step  1  920  to  determine  if  the  user  has  set  the  pruning  variables  to 

indicate  that  the  filler  of  a  propagation  should  not  be  explained,  in  other  words,  it  is  determined  whether  the 
second  next  level  question  for  a  propagation  be  answered.  If  it  is  determined  during  step  1920  that  the  user 
has  indicated  that  the  filler  of  a  propagation  should  not  be  explained,  then  program  control  will  proceed  to  step 

w  1932  (FIG.  19b),  discussed  below. 
If,  however,  it  is  determined  during  step  1920  that  the  user  has  indicated  that  the  filler  of  a  propagation 

should  be  explained,  then  the  explanation  object  analysis  function  85  will  execute  during  step  1924  the  setup 
explanation  structure  function  58,  discussed  above  in  conjunction  with  FIG.  12,  for  the  individual  that  the  in- 
formation  was  propagated  from,  limited  to  the  indicated  role-path  and  aspect,  as  in  step  1  908,  and  also  limited 

15  to  only  explain  a  particular  aspect  filler,  namely,  the  current  object  being  completely  explained. 
In  addition,  the  explanation  objects  that  were  created  during  step  1924  to  explain  how  the  individual  that 

the  information  was  propagated  from  received  the  particular  filler  may  also  need  to  be  further  explained.  Ac- 
cordingly,  the  explanation  object  analysis  function  85  will  be  recursively  executed  during  step  1928  to  analyze 
the  new  explanation  objects.  In  this  manner,  the  explanation  object  analysis  function  85  will  continue  to  explain 

20  the  piece  of  information  explained  by  the  current  explanation  object  until  the  source  of  the  information  is  told 
information  or  the  result  of  a  rule  firing.  Thereafter,  program  control  will  proceed  to  step  1932  (FIG.  19b). 

A  test  is  performed  during  step  1932  to  determine  if  the  inference  type  of  the  current  explanation  object 
is  an  inheritance  inference.  If  it  is  determined  during  step  1932  that  the  current  inference  type  is  not  an  inher- 
itance  inference,  program  control  will  proceed  to  step  1948,  discussed  below. 

25  If,  however,  it  is  determined  during  step  1932  that  the  current  inference  type  is  an  inheritance  inference, 
then  the  next  level  question  that  a  user  would  normally  ask  is  how  did  the  parent  concept  from  which  the  in- 
formation  was  inherited  receive  the  information. 

Thus,  the  explanation  object  analysis  function  85  will  execute  the  setup  explanation  structure  function  58 
during  step  1936  for  the  particular  parent  concept  that  the  information  was  inherited  from,  limited  to  the  par- 

30  ticular  role-path  indicated  in  the  inference  argument,  which  is  part  of  the  current  explanation  object  being  eval- 
uated. 

It  is  noted  that  upon  execution  of  the  setup  explanation  structure  function  58  during  step  1936,  the  ex- 
planation  objects  that  were  created  to  explain  how  the  parent  concept  received  the  information  will  be  placed 
in  an  explanation  structure  associated  with  the  parent  concept.  Accordingly,  the  parent  concept  must  be  added 

35  to  the  print-list  variable  during  step  1  940. 
In  addition,  the  explanation  objects  that  were  created  during  step  1936  to  explain  how  the  parent  concept 

received  the  information  may  also  need  to  be  further  explained.  Accordingly,  the  explanation  object  analysis 
function  85  will  be  recursively  executed  during  step  1944  to  analyze  the  new  explanation  objects.  In  this  man- 
ner,  the  explanation  object  analysis  function  85  will  continue  to  explain  the  piece  of  information  explained  by 

40  the  current  explanation  object  until  the  source  of  the  information  is  told  information  or  the  result  of  a  rule  firing. 
A  test  is  performed  during  step  1948  to  determine  if  the  inference  type  of  the  current  explanation  object 

is  a  rule  firing.  If  it  is  determined  during  step  1948  that  the  inference  type  of  the  current  explanation  object  is 
not  a  rule  firing,  program  control  will  proceed  to  step  1960  (FIG.  19c),  discussed  below. 

If,  however,  it  is  determined  during  step  1948  that  the  inference  type  of  the  current  explanation  object  is 
45  a  rule  firing,  then  the  rule  identifier  that  appears  in  the  inference  argument  portion  of  the  explanation  object 

is  preferably  added  to  the  variable,  rule-firing-list,  during  step  1952.  The  variable,  rule-firing-list,  is  ultimately 
processed  in  the  complete  explanation  function  55,  during  steps  1725-1745,  in  the  manner  described  above. 
Thereafter,  program  control  will  proceed  to  step  1960  (FIG.  19c). 

The  manner  in  which  the  inferences  listed  in  Appendix  1  and  2  are  handled  during  complete  explanation 
so  are  discussed  below  relative  to  steps  1960  through  1974.  Atest  is  performed  during  step  1960  to  determine 

if  the  current  inference  type  is  one  of  the  inferences  listed  in  Appendix  1  or  2.  If  it  is  determined  during  step 
1960  that  the  current  inference  type  is  not  one  of  the  inferences  listed  in  Appendix  1  or  2,  then  program  control 
will  proceed  to  step  1980,  discussed  below. 

If,  however,  it  is  determined  during  step  1960  that  the  current  inference  type  is  one  of  the  inferences  listed 
55  in  Appendix  1  or  2,  then  the  corresponding  next  level  entry  in  the  Appendix  for  the  current  inference  type  is 

accessed  during  step  1964.  The  next  level  entry  in  the  Appendix  indicates  how  any  further  information  that 
may  be  needed  to  explain  the  current  explanation  object  is  obtained. 

Thereafter,  the  setup  explanation  structure  function  58  is  executed  during  step  1966  in  the  manner  indi- 
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cated  by  the  next  level  information  that  was  retrieved  from  the  corresponding  next  level  entry  in  the  Appendix 
during  step  1964.  In  addition,  an  indication  of  the  object  that  was  further  explained  during  step  1970  is  added 
to  the  print-list  variable. 

Finally,  the  explanation  objects  that  were  created  during  step  1966  to  explain  how  the  next  level  object 
5  received  the  information  may  also  need  to  be  further  explained.  Accordingly,  the  explanation  object  analysis 

function  85  will  be  recursively  executed  during  step  1974  to  analyze  the  new  explanation  objects.  In  this  man- 
ner,  the  explanation  object  analysis  function  85  will  continue  to  explain  the  piece  of  information  explained  by 
the  current  explanation  object  until  the  source  of  the  information  is  told  information  or  the  result  of  a  rule  firing. 

Thereafter,  a  test  is  performed  during  step  1980  to  determine  if  current  inference  type  is  told  information. 
10  If  it  is  determined  during  step  1  980  that  the  current  inference  type  is  not  told  information,  then  an  error  message 

is  generated  during  step  1984  because  the  inference  type  failed  to  match  one  of  the  pre-defined  inference  type 
classifications. 

If,  however,  it  is  determined  during  step  1980  that  the  current  inference  type  is  told  information,  then  no 
further  explanation  needs  to  be  performed  for  the  piece  of  information  associated  with  the  current  explanation 

15  object.  Accordingly,  program  control  will  return  to  the  explanation  structure  analysis  function  80  during  step 
1992. 

Application  of  Explanation  Subsystem  to  Error  Objects 

20  As  previously  indicated,  upon  detection  of  a  real  error  by  the  error  handling  subsystem  35,  before  returning 
the  knowledge  base  20  to  a  consistent  state,  the  error  handling  subsystem  35  will  preferably  create  an  error 
object  which  stores  all  of  the  information  associated  with  the  inconsistent  object  at  a  time  when  the  data  struc- 
tures  of  the  object  included  all  of  the  error  information. 

In  addition,  error  objects  are  also  preferably  created  for  every  object  in  the  knowledge  base  20  that  is  af- 
25  fected  by  the  error,  in  other  words,  for  all  objects  in  the  knowledge  base  20  that  were  modified  as  a  result  of 

the  problematic  input  before  the  inconsistency  was  detected.  Thus,  error  objects  are  preferably  created  for 
those  individuals  listed  in  the  "propagations  out"  and  "NEG-DEPENDS-ON-ME"  lists  of  the  individual  whom 
the  error  information  was  initially  added  to. 

Thereafter,  a  user  can  utilize  the  explanation  processes  described  above  to  analyze  the  created  error  ob- 
30  jects.  The  explanation  processes  will  explain  the  source  of  each  piece  of  derived  information  in  the  error  ob- 

jects,  in  the  manner  described  above,  which  will  assist  the  user  in  isolating  the  source  of  the  error. 
It  is  to  be  understood  that  the  embodiments  and  variations  shown  and  described  herein  are  illustrative  of 

the  principles  of  this  invention  only  and  that  various  modifications  may  be  implemented  by  those  skilled  in  the 
art  without  departing  from  the  scope  and  spirit  of  the  invention. 
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f l f f f l f lu iA  i  -  K e g u i a r / N o r m a l i z a t i o n   I n f e r e n c e s  
I n f e r e n c e :   a t - l e a s t - a n d - o n e - o f   -  i m p l i e s -   f i l l e r s  

A r g u m e n t s :   n o n e  

N e c e s s a r y   c o n d i t i o n s :   The  a t - l e a s t   r e s t r i c t i o n   on  a  r o l e  
e q u a l s   t he   l e n g t h   of  t he   o n e - o f   r e s t r i c t i o n .  
I n f e r r e d   i n f o r m a t i o n :   A l l   t he   i n d i v i d u a l s   in  t h e   o n e - o f  
r e s t r i c t i o n   become  f i l l e r s   f o r   t he   r o l e .  
Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   whe re   t he   o n e - o f   r e s t r i c t i o n  
came  f rom;   e x p l a i n   w h e r e   t he   a t - l e a s t   r e s t r i c t i o n   came  f r o m .  
E x a m p l e :   G i v e n   the   r e s t r i c t i o n   (and  ( a t - l e a s t   2  g r a p e )   ( a l l  
g r a p e   ( o n e - o f   Z i n f a n d e l   P e t i t e - S y r a h )   )  )  ,  t h e n   the   f i l l e r s   f o r  
t he   g r a p e   r o l e   must   be  Z i n f a n d e l   and  P e t i t e - S y r a h .  

I n f e r e n c e :   a t t r i b u t e - i m p l i e s - a t - m o s t - 1  

A r g u m e n t s   :  n o n e  

N e c e s s a r y   c o n d i t i o n s :   a  r o l e   is   d e f i n e d   to  be  an  a t t r i b u t e  
I n f e r r e d   i n f o r m a t i o n :   t he   a t - m o s t   r e s t r i c t i o n   i s   s e t   to  1 
Next   l e v e l   e x p l a n a t i o n :   n o n e  

I n f e r e n c e :   c l a s s   i c - i n d -   i m p l i e s   - c l a s s i c   - t h i n g  
A r g u m e n t s   :  n o n e  

n e c e s s a r y   c o n d i t i o n s :   The  t o p - l e v e l   o b j e c t   i s   an  i n d i v i d u a l ,  
and  i t   d o e s   n o t   a l r e a d y   h a v e   CLASSIC-THING  in  i t s   p r i m i t i v e  
L i s t   . 
C n f e r r e d   i n f o r m a t i o n :   CLASSIC-THING  g e t s   p u t   in  i t s   p r i m i t i v e  
L i s t .  

Next  l e v e l   e x p l a n a t i o n :   n o n e  

Cnf  e r e n c e :   c l o s e d -   i m p l i e s - a t - m o s t  

A r g u m e n t s   :  n o n e  

l e c e s s a r y   c o n d i t i o n s :   A  r o l e   on  an  i n d i v i d u a l   is   c l o s e d .  
I n f e r r e d   i n f o r m a t i o n :   The  a t - m o s t   r e s t r i c t i o n   on  t he   r o l e   f o r  
:he  i n d i v i d u a l   is   s e t   to  t he   c u r r e n t   n u m b e r   of  f i l l e r s ,  
l ex t   l e v e l   e x p l a n a t i o n :   n o n e  
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i n r e r e n c e :   t i l l e r s -   i m p l i e s   - a t -   l e a s t  
A r g u m e n t s :   n o n e  

N e c e s s a r y   c o n d i t i o n s :   A  r o l e   on  an  o b j e c t   has   known  f i l l e r s ,  
and  t he   c u r r e n t   a t - l e a s t   r e s t r i c t i o n   on  t h a t   r o l e   f o r   t h e  
o b j e c t   is   l e s s   t h a n   the   c u r r e n t   number   of  f i l l e r s .  
I n f e r r e d   i n f o r m a t i o n :   The  a t - l e a s t   r e s t r i c t i o n   on  the   r o l e  
f o r   t he   i n d i v i d u a l   is  s e t   to  t he   c u r r e n t   number   of  f i l l e r s .  
Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   f i l l e r s   came  f r o m .  
E x a m p l e :   I f   t he   g r a p e   r o l e   is   f i l l e d   w i t h   S h i r a z   a n d  
C a b e r n e t - S a u v i g n o n ,   and  t he   c u r r e n t   a t - l e a s t   r e s t r i c t i o n   o n  
the   g r a p e   r o l e   is   l e s s   t h a n   2,  t h e n   the   a t - l e a s t   r e s t r i c t i o n  
on  t he   g r a p e   r o l e   is   s e t   to  2 .  

I n f e r e n c e :   f i l t e r - o n e - o f   - b y -   i n t e r v a l  

A r g u m e n t s :   n o n e  

N e c e s s a r y   c o n d i t i o n s :   A  d e s c r i p t o r   c o n t a i n s   b o t h   a  o n e - o f   a n d  
an  i n t e r v a l   (min  a n d / o r   max)  . 
I n f e r r e d   i n f o r m a t i o n :   The  new  o n e - o f   r e s t r i c t i o n   is  t h e  
p r e v i o u s   o n e - o f   r e s t r i c t i o n   w i t h   i n d i v i d u a l s   r e m o v e d   i f   t h e y  
a r e   no t   in  t he   s p e c i f i e d   i n t e r v a l .  

Next  l e v e l   e x p l a n a t i o n :   E x p l a i n   whe re   t he   min  and  max  c a m e  
f r o m .  

I n f e r e n c e :   f i l t e r - o n e - o f   - b y -   t e s t s  

A r g u m e n t s   :  n o n e  

N e c e s s a r y   c o n d i t i o n s :   A  d e s c r i p t o r   c o n t a i n s   b o t h   a  o n e - o f   a n d  
z e s t   r e s t r i c t i o n s .  

C n f e r r e d   i n f o r m a t i o n :   The  new  o n e - o f   r e s t r i c t i o n   is  t h e  
p r e v i o u s   o n e - o f   r e s t r i c t i o n   w i t h   i n d i v i d u a l s   r e m o v e d   i f   t h e y  
lo  no t   s a t i s f y   a l l   t h e   t e s t   r e s t r i c t i o n s .  
l e x t   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   e a c h   t e s t   r e s t r i c t i o n  
:ame  f r o m .  

Sxample :   I f   s o m e t h i n g   i s   known  to  be  an  INTEGER  (and  t h u s   h a s  
:he  i n t e g e r p   t e s t )   and  has  a  o n e - o f   r e s t r i c t i o n   of  1,  1 . 2 ,  
ind  5,  t h e n   t h i s   i n f e r e n c e   w i l l   r e m o v e   t he   1.2  v a l u e ,   and  t h e  
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new  o n e - o r   r e s t r i c t i o n   w i l l   c o n t a i n   t he   i n d i v i d u a l s   1  and  5 .  

I n f e r e n c e :   i n c o n s i s t e n t - a l l   - i m p l i e s   - a t - m o s t -   z e r o  
A r g u m e n t s   :  n o n e  

N e c e s s a r y   c o n d i t i o n s :   An  i n c o n s i s t e n t   a l l   r e s t r i c t i o n   i s  
e n c o u n t e r e d   on  a  r o l e   r e s t r i c t i o n .  
I n f e r r e d   i n f o r m a t i o n :   The  a t - m o s t   r e s t r i c t i o n   on  t he   r o l e   i s  
s e t   to  0  . 
Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   whe re   the   a l l   r e s t r i c t i o n   c a m e  
f r o m .  

E x a m p l e :   I f   t he   o r i g i n a l   r e s t r i c t i o n   is  ( a l l   c h i l d   (and  f e m a l e  
m a l e ) ) ,   w h e r e   f e m a l e   and  ma le   a r e   d i s j o i n t ,   t he   d e d u c t i o n  
is   made  t h a t   t h e r e   can   be  no  c h i l d r e n ,   and  t he   a t - m o s t  
r e s t r i c t i o n   on  the   c h i l d   r o l e   is   s e t   to  0 .  

I n f e r e n c e :   i n t e r v a l   - a n d -   i n t e g e r - i m p l i e s   - a t - m o s t  
A r g u m e n t s :   (1)  t he   min  r e s t r i c t i o n ;   (2)  t he   max  r e s t r i c t i o n  
N e c e s s a r y   c o n d i t i o n s :   A  r o l e   i s   r e s t r i c t e d   to  t y p e   INTEGER 
( t h e   a l l   r e s t r i c t i o n   c o n t a i n s   t he   i n t e g e r p   t e s t ) ,   and  t h e  

c o m p l e t e   i n t e r v a l   i s   s p e c i f i e d   ( b o t h   t he   min  and  t he   max)  . 
I n f e r r e d   i n f o r m a t i o n :   The  a t - m o s t   r e s t r i c t i o n   is  s e t   to  t h e  
number   of  i n t e g e r s   in  t he   i n t e r v a l .  

Next  l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   min  and  max  
r e s t r i c t i o n s   came  f rom,   and  e x p l a i n   w h e r e   t he   i n t e g e r p   t e s t  
:ame  f r o m .  

S x a m p l e :   I f   an  o b j e c t   has   t he   r e s t r i c t i o n  
( a l l   age  (and  INTEGER  (min  15)  (max  1 8 ) ) ) ,  
:hen   t h e   a t - m o s t   r e s t r i c t i o n   is   s e t   to  4 .  

[ I n f e r e n c e   :  i n t e r v a l   -  impl   i e s   -a  t  -mos  t  

A r g u m e n t s :   (1)  t he   min  r e s t r i c t i o n ;   (2)  t he   max  r e s t r i c t i o n  
l e c e s s a r y   c o n d i t i o n s :   A  r o l e ' s   a l l   r e s t r i c t i o n   has  a n  
. n t e r v a l ,   w h e r e   b o t h   t he   min  and  max  a r e   s p e c i f i e d   and  a r e  
: qua l   . 
I n f e r r e d   i n f o r m a t i o n :   t he   a t - m o s t   r e s t r i c t i o n   is   s e t   to  1 .  
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Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   where   t he   min  and  m a x  
r e s t r i c t i o n s   came  f r o m .  

I n f e r e n c e :   i n t e r v a l - i m p l i e s - h o s t -   t h i n g  
A r g u m e n t s   :  n o n e  

N e c e s s a r y   c o n d i t i o n s :   A  c o n c e p t   or  i n d i v i d u a l   has  a  min  o r  
max  r e s t r i c t i o n .  

I n f e r r e d   i n f o r m a t i o n :   The  p r i m i t i v e   HOST-THING  is   a d d e d   t o  
i t s   p r i m i t i v e   l i s t   ( b e c a u s e   i t   mus t   be  in  t he   HOST  r e a l m )   . 
Nex t   l e v e l   e x p l a n a t i o n :   E x p l a i n   whe re   t he   min  and  m a x  
r e s t r i c t i o n s   came  f r o m .  

I n f e r e n c e :   i n t e r v a l -   l e n g t h - e q u a l s - a t - l e a s t -   i m p l i e s -   f i l l e r s  
A r g u m e n t s   :  n o n e  

N e c e s s a r y   c o n d i t i o n s :   T h e r e   is   an  i n t e r v a l   on  the   a l l  
r e s t r i c t i o n   of  a  r o l e ,   t he   l e n g t h   of  the   i n t e r v a l   e q u a l s   t h e  
a t - l e a s t   r e s t r i c t i o n ,   and  t he   r o l e   is   r e s t r i c t e d   to  t y p e  
INTEGER  ( t h e   a l l   r e s t r i c t i o n   c o n t a i n s   t he   i n t e g e r p   t e s t )   . 
I n f e r r e d   i n f o r m a t i o n :   A l l   t he   i n t e g e r s   in  t he   i n t e r v a l   b e c o m e  
f i l l e r s   f o r   t he   r o l e .  

Nex t   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   min  and  m a x  
r e s t r i c t i o n s   came  f rom,   e x p l a i n   whe re   t he   i n t e g e r p   t e s t  
r e s t r i c t i o n   came  f rom,   and  e x p l a i n   w h e r e   t he   a t - l e a s t  
r e s t r i c t i o n   came  f r o m .  

E x a m p l e :   I f   an  o b j e c t   has   t he   r e s t r i c t i o n  

(and  ( a t - l e a s t   3  f a v o r i t e   n u m b e r )  

( a l l   f a v o r i t e   number   (and  ( i n t e g e r   (min  14)  (max  16)  )  )  )  ) 
t h e n   t he   f i l l e r s   f o r   f a v o r i t e - n u m b e r   g e t   s e t   to  14,  15,  a n d  
L6.  

[ I n f e r e n c e :   i n t e r v a l   - t e s t  

A r g u m e n t s :   n o n e  

N e c e s s a r y   c o n d i t i o n s :   A  d e s c r i p t o r   c o n t a i n s   an  i n t e r v a l  
r e s t r i c t i o n   (a  min  a n d / o r   max  r e s t r i c t i o n )   . 
I n f e r r e d   i n f o r m a t i o n :   The  t e s t   r e s t r i c t i o n s   n u m b e r p   and  a t o m  
ire  a d d e d   to  t he   d e s c r i p t o r ,   s i n c e   i t   must   be  a  NUMBER. 
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Nex t   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   min  and  m a x  
r e s t r i c t i o n s   came  f r o m .  

I n f e r e n c e :   i n v e r s e - p r o p a g a t i o n  

A r g u m e n t s :   (1)  t h e   r o l e   on  the   o b j e c t   whose   a l l   r e s t r i c t i o n  

l e d   to  t h i s   i n f e r e n c e ;   (2)  t he   r o l e - p a t h   a l o n g   w h i c h   the   a l l  

r e s t r i c t i o n   was  f o u n d ;   (3)  t he   i n f o r m a t i o n   w h i c h   w a s  

p r o p a g a t e d   can  be  e i t h e r   a  named  or  an  u n n a m e d   c o n c e p t .  

N e c e s s a r y   c o n d i t i o n s :   The  r o l e s   r l   and  r2  a r e   i n v e r s e s   of  e a c h  

o t h e r ;   a  d e s c r i p t o r   has   t he   f o l l o w i n g   r e s t r i c t i o n :   ( a n d  

( a t - l e a s t   1  r l )   ( a l l   r l   ( a l l   r2  C)  )  )  f o r   some  d e s c r i p t i o n   C. 

I n f e r r e d   i n f o r m a t i o n :   C  g e t s   p r o p a g a t e d   o n t o   t he   d e s c r i p t o r .  

Nex t   l e v e l   e x p l a n a t i o n :   E x p l a i n   how  t he   i n f o r m a t i o n   in  C  g o t  

o n t o   t h e   a l l   r e s t r i c t i o n   of  r l   '  s  r2  . 
E x a m p l e :   I f   we  know  t h a t   c h i l d   and  p a r e n t   a r e   i n v e r s e   r o l e s ,  

andwe  know  t h a t   a  p a r t i c u l a r   i n d i v i d u a l ,   Deb,  has   a t - l e a s t  

1  p a r e n t   and  a l l   of  h e r   p a r e n t s   have   o n l y   ATHLETEs  a s  

c h i l d r e n ,   t h e n   Deb  mus t   be  an  ATHLETE.  The  a r g u m e n t   in  t h i s  

e x a m p l e   i s   t h e   p a r e n t   r o l e ,   i n d i c a t i n g   t h a t   a l l   of  D e b ' s  

p a r e n t ' s   c h i l d r e n   a r e   ATHLETEs.  

I n f e r e n c e :   o n e - o f   - i m p l i e s   - a t   - m o s t  

A r g u m e n t s   :  n o n e  

N e c e s s a r y   c o n d i t i o n s :   An  a l l   r e s t r i c t i o n   on  a  r o l e   c o n t a i n s  

a  o n e - o f   r e s t r i c t i o n .  

I n f e r r e d   i n f o r m a t i o n :   The  a t - m o s t   r e s t r i c t i o n   on  t h e   r o l e   i s  

s e t   to  t h e   n u m b e r   of  i n d i v i d u a l s   in  t he   o n e - o f   r e s t r i c t i o n .  

Nex t   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   o n e - o f   r e s t r i c t i o n  

came  f r o m .  

E x a m p l e :   For   t he   d e s c r i p t i o n   ( a l l   c o l o r   ( o n e - o f   W h i t e   R e d  

Rose)   )  , 
t h e   a t - m o s t   r e s t r i c t i o n   on  the   c o l o r   r o l e   is   s e t   to  3  . 

I n f e r e n c e :   o n e - o f   - i m p l i e s   - c l a s s i c   - t h i n g  

A r g u m e n t s   :  n o n e  
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N e c e s s a r y   c o n d i t i o n s :   A  d e s c r i p t o r   has  a  o n e - o f   r e s t r i c t i o n  
c o n t a i n i n g   CLASSIC  i n d i v i d u a l s   . 
I n f e r r e d   i n f o r m a t i o n :   I t   w i l l   have   the  p r i m i t i v e   CLASSIC-THING 
a d d e d   to  i t s   p r i m i t i v e   l i s t   ( b e c a u s e   i t   mus t   be  in  t h e   CLASSIC 
r e a l m )   . 
Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   o n e - o f   r e s t r i c t i o n  
came  f r o m .  

I n f e r e n c e :   o n e - o f   - i m p l i e s - h o s t - t h i n g  

A r g u m e n t s   :  n o n e  

N e c e s s a r y   c o n d i t i o n s :   A  d e s c r i p t o r   has  a  o n e - o f   r e s t r i c t i o n  
c o n t a i n i n g   HOST  i n d i v i d u a l s   . 
I n f e r r e d   i n f o r m a t i o n :   I t   w i l l   have   the   p r i m i t i v e   HOST-THING 
a d d e d   to  i t s   p r i m i t i v e   l i s t   ( b e c a u s e   i t   mus t   be  in  t he   HOST 
r e a l m )   . 
Nex t   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   o n e - o f   r e s t r i c t i o n  
came  f r o m .  

I n f e r e n c e :   o n e - o f   - i n t e r s e c t i o n  

A r g u m e n t s :   n o n e  

N e c e s s a r y   c o n d i t i o n s :   More  t h a n   1  o n e - o f   r e s t r i c t i o n   r e s t r i c t s  
a  d e s c r i p t o r  

I n f e r r e d   i n f o r m a t i o n :   The  o n e - o f   r e s t r i c t i o n s   a r e   i n t e r s e c t e d  
to  fo rm  a  new  o n e - o f   r e s t r i c t i o n .  

Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   a l l   t he   o n e - o f  
r e s t r i c t i o n s   came  f r o m .  

E x a m p l e :   I f   a  c o n c e p t   has  two  o n e - o f   r e s t r i c t i o n s :   ( o n e - o f  
Mary  J a n e   J a c k )   and  ( o n e - o f   J a c k   J i l l   Susan )   ,  e i t h e r   t h r o u g h  
t o l d - i n f o ,   i n h e r i t a n c e ,   or  some  o t h e r   i n f e r e n c e ,   t h e n   t h e  
f i n a l   o n e - o f   r e s t r i c t i o n   w i l l   be  ( o n e - o f   J a c k   J i l l )   . 

[ i n f e r e n c e :   r o l e - h i e r a r c h y - i n h e r i t - a l l  

A r g u m e n t s :   (1)  t he   p a r e n t   r o l e   f rom  w h i c h   t he   i n f o r m a t i o n   w a s  
I n h e r i t e d ;   (2)  t he   r o l e - p a t h   a l o n g   w h i c h   t he   a l l   r e s t r i c t i o n  

ras  f o u n d ,   n o t   i n c l u d i n g   t he   f i n a l   p a r e n t   r o l e .   (The  s e c o n d  
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a r g u m e n t   may  be  n e e d e d   i f   t he   a l l   r e s t r i c t i o n   w h i c h   i s  
i n h e r i t e d   is   no t   a  named  c o n c e p t . )  

N e c e s s a r y   c o n d i t i o n s :   T h e r e   i s   an  a l l   r e s t r i c t i o n   on  a  r o l e ,  
and  t h i s   r o l e   has   some  c h i l d   r o l e s .  
I n f e r r e d   i n f o r m a t i o n :   A l l   c h i l d   r o l e s   i n h e r i t   t h i s   a l l  
r e s t r i c t i o n .  

Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   a l l   r e s t r i c t i o n   c a m e  
f rom  on  t he   p a r e n t   r o l e   . 
E x a m p l e :   I f   an  o b j e c t   has   a  w ine   r o l e   w i t h   t he   a l l   r e s t r i c t i o n  
WINE,  t h e n   t h e   s u b r o l e s   w h i t e - w i n e   and  r e d - w i n e   w o u l d   i n h e r i t  
t h i s   r e s t r i c t i o n   f rom  the   w ine   r o l e .   The  f i r s t   a r g u m e n t   i n  
t h i s   e x a m p l e   is   t he   w ine   r o l e .  

I n f e r e n c e :   r o l e - h i e r a r c h y -   i n h e r i t - a t - m o s t  

A r g u m e n t s :   (1)  t he   p a r e n t   r o l e   f rom  w h i c h   t he   i n f o r m a t i o n   w a s  
i n h e r i t e d  

N e c e s s a r y   c o n d i t i o n s :   T h e r e   i s   an  a t - m o s t   r e s t r i c t i o n   on  a  
r o l e ,   and  t h i s   r o l e   has   some  c h i l d   r o l e s .  
I n f e r r e d   i n f o r m a t i o n :   A l l   c h i l d   r o l e s   i n h e r i t   t h i s   a t - m o s t  
r e s t r i c t i o n .  

Next  l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t h e   a t - m o s t   r e s t r i c t i o n  

came  f rom  on  t he   p a r e n t   r o l e .  

E x a m p l e :   I f   an  o b j e c t   has   a  w ine   r o l e   w i t h   an  a t - m o s t  
r e s t r i c t i o n   of  3  and  t h e r e   a r e   two  s u b r o l e s   of  w i n e ,  
A ? h i t e - w i n e   and  r e d - w i n e ,   t h e n   b o t h   w h i t e - w i n e   and  r e d - w i n e  
t fould   i n h e r i t   t he   a t - m o s t   r e s t r i c t i o n   of  3  f rom  t h e i r   p a r e n t  
r o l e   w i n e .  
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i n t e r e n c e :   r o l e - h i e r a r c h y -   m h e r i t - a t - l e a s t  
A r g u m e n t s :   (1)  t he   c h i l d   r o l e   f rom  w h i c h   the   i n f o r m a t i o n   w a s  
i n h e r i t e d  

N e c e s s a r y   c o n d i t i o n s :   T h e r e   i s   an  a t - l e a s t   r e s t r i c t i o n   on  a  
r o l e ,   and  t h i s   r o l e   has  a  p a r e n t   r o l e .  
I n f e r r e d   i n f o r m a t i o n :   The  a t - l e a s t   r e s t r i c t i o n   i s  
v  '  i n h e r i t e d '   '  up  the   h i e r a r c h y   to  the   p a r e n t   r o l e   and  a l l  

a n c e s t o r   r o l e s .  

Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   where   t he   a t - l e a s t   r e s t r i c t i o n  
came  f rom  on  t he   c h i l d   r o l e .  

E x a m p l e :   In  t he   e x a m p l e   f rom  r o l e - h i e r a r c h y - i n h e r i t - a t - m o s t   , 
i f   t he   w h i t e - w i n e   r o l e   has   an  a t - l e a s t   r e s t r i c t i o n   of  2,  t h e n  
the   p a r e n t   r o l e   wine   a l s o   g e t s   an  a t - l e a s t   of  2 .  

I n f e r e n c e :   r o l e - h i e r a r c h y - i n h e r i t -   f i l l s  

A r g u m e n t s :   (1)  t h e   c h i l d   r o l e   f rom  w h i c h   t he   i n f o r m a t i o n   w a s  
i n h e r i t e d  

N e c e s s a r y   c o n d i t i o n s :   T h e r e   a r e   f i l l e r s   f o r   a  r o l e ,   and  t h i s  
r o l e   has   a  p a r e n t   r o l e   . 
I n f e r r e d   i n f o r m a t i o n :   The  f i l l e r s   a r e   '  1  i n h e r i t e d '   '  up  t h e  
h i e r a r c h y   t o  

t he   p a r e n t   r o l e   and  a l l   a n c e s t o r   r o l e s .  

Next  l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   f i l l e r s   came  f r o m  
on  the   c h i l d   r o l e .  

E x a m p l e :   In  t he   e x a m p l e   f rom  r o l e - h i e r a r c h y - i n h e r i t - a t - m o s t ,  
i f   t he   w h i t e - w i n e   r o l e   had  a  f i l l e r   of  F o r m a n - C h a r d o n n a y ,   t h e n  
t h e  

p a r e n t   r o l e   w ine   w o u l d   a l s o   g e t   t he   f i l l e r   F o r m a n - C h a r d o n n a y .  

I n f e r e n c e :   r o l e - r e s   t r -   i m p l i e s   - c l a s s i c   - t h i n g  
A r g u m e n t s   :  n o n e  

N e c e s s a r y   c o n d i t i o n s :   A  d e s c r i p t o r   has  a  r o l e   r e s t r i c t i o n  
( a t - l e a s t ,   a t - m o s t ,   a l l   or  f i l l s )   . 
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I n f e r r e d   i n f o r m a t i o n :   I t   w i l l   have   the   p r i m i t i v e   CLASSIC-THING 
a d d e d   to  i t s   p r i m i t i v e   l i s t   ( b e c a u s e   i t   mus t   be  in  t h e   CLASSIC 
r e a l m )   . 
Nex t   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   a t - l e a s t ,   a t - m o s t ,  
f i l l s ,   and  a l l   r e s t r i c t i o n s   came  f rom  on  t he   r o l e .  

I n f e r e n c e :   s a m e - a s   - i m p l i e s - c   l a s s i e -   t h i n g  

A r g u m e n t s   :  n o n e  

N e c e s s a r y   c o n d i t i o n s :   A  d e s c r i p t o r   has   a t   l e a s t   one  s a m e - a s  
r e s t r i c t i o n .  

I n f e r r e d   i n f o r m a t i o n :   I t   w i l l   h ave   t he   p r i m i t i v e   CLASSIC-THING 
a d d e d   to  i t s   p r i m i t i v e   l i s t   ( b e c a u s e   i t   mus t   be  in  t h e   CLASSIC 
r e a l m )   . 
Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   s a m e - a s   r e s t r i c t i o n s  

came  f rom  on  t h e   d e s c r i p t o r .  

I n f e r e n c e :   s u b r o l e - c o m b i n a t   i o n -   i m p l i e s   - a t -   l e a s t  

A r g u m e n t s :   t h e   s u b r o l e s   u s e d   to  c a l c u l a t e   t h e   r e s t r i c t i o n  

N e c e s s a r y   c o n d i t i o n s :   A  r o l e   has   2  c h i l d   r o l e s ,   t h e   c h i l d  

r o l e s   h a v e   d i s j o i n t   a l l   r e s t r i c t i o n s   ( i . e . ,   t h e y   mus t   b e  

f i l l e d   w i t h   d i s t i n c t   i n d i v i d u a l s )   ,  and  t h e   a t - l e a s t  

r e s t r i c t i o n   on  t h e   p a r e n t   r o l e   i s   l e s s   t h a n   t h e   sum  of  t h e  

a t - l e a s t   r e s t r i c t i o n s   on  t h e   c h i l d   r o l e s .  

I n f e r r e d   i n f o r m a t i o n :   The  a t - l e a s t   r e s t r i c t i o n   on  t h e   p a r e n t  
r o l e   is   s e t   to  t h e   sum  of  t he   a t - l e a s t   r e s t r i c t i o n s   on  t h e  

c h i l d   r o l e s .  

Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t h e   a t - l e a s t  

r e s t r i c t i o n s   came  f rom  on  b o t h   of  t h e   c h i l d   r o l e s .  

E x a m p l e :   I f   b r o t h e r   and  s i s t e r   a r e   r o l e s   w i t h   p a r e n t   r o l e  

r e l a t i v e ;   and  on  a  p a r t i c u l a r   d e s c r i p t o r ,   s i s t e r ' s   a l l  

r e s t r i c t i o n   i s   FEMALE  and  b r o t h e r ' s   a l l   r e s t r i c t i o n   i s   MALE, 

w h e r e   FEMALE  and  MALE  a r e   d i s j o i n t ;   and  t h e r e   is   an  a t - l e a s t  

r e s t r i c t i o n   of  1  on  b o t h   s i s t e r   and   b r o t h e r ;   and  t h e   c u r r e n t  

a t - l e a s t   r e s t r i c t i o n   on  r e l a t i v e   i s   1;  t h e n   t h e   a t - l e a s t  

r e s t r i c t i o n   on  r e l a t i v e   is   s e t   to  2  . 

to 
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i n f e r e n c e :   s u b r o l e - c o m b m a t   i o n -   i m p l i e s   - a t - m o s t  
A r g u m e n t s :   (1)  t he   p a r e n t   r o l e   t h a t   has  t he   a t - m o s t  
r e s t r i c t i o n ;   (2)  a  l i s t   of  t he   s u b r o l e s   t h a t   have   the   a t - l e a s t  
r e s t r i c t i o n s  

N e c e s s a r y   c o n d i t i o n s :   A  r o l e   has   s e v e r a l   c h i l d   r o l e s .   On  a  
p a r t i c u l a r   o b j e c t ,   the   p a r e n t   r o l e   has  an  a t - m o s t   r e s t r i c t i o n ,  
and  some  c h i l d   r o l e s   have   a t - l e a s t   r e s t r i c t i o n s ,   and  d i s j o i n t  
a l l   r e s t r i c t i o n s .   T h e r e   is  a n o t h e r   c h i l d   r o l e   w i t h   a  d i s j o i n t  
a l l   r e s t r i c t i o n   f rom  t he   o t h e r   c h i l d   r o l e s ,   and  i t s   c u r r e n t  
a t - m o s t   r e s t r i c t i o n   is  g r e a t e r   t h a n   the   d i f f e r e n c e   b e t w e e n  
t he   a t - m o s t   r e s t r i c t i o n   on  t h e   p a r e n t   r o l e ,   and  t he   sum  o f  
t he   a t - l e a s t   r e s t r i c t i o n s   on  t he   o t h e r   c h i l d   r o l e s .  
I n f e r r e d   i n f o r m a t i o n :   The  a t - m o s t   r e s t r i c t i o n   on  t h i s   c h i l d  
r o l e   g e t s   s e t   to  t he   d i f f e r e n c e   b e t w e e n   the   a t - m o s t  
r e s t r i c t i o n   on  t h e   p a r e n t   r o l e ,   and  t he   sum  of  the   a t - l e a s t  
r e s t r i c t i o n s   on  the   o t h e r   c h i l d   r o l e s .  
Nex t   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   the   a t - m o s t   r e s t r i c t i o n  

came  f rom  on  t h e   p a r e n t   r o l e ,   and  e x p l a i n   w h e r e   t he   a t - l e a s t  
r e s t r i c t i o n s   came  f rom  on  t he   s i b l i n g   r o l e s .  

E x a m p l e :   G i v e n   the   r o l e s   r e l a t i v e ,   b r o t h e r ,   and  s i s t e r   d e f i n e d  
a b o v e ,   w h e r e   t he   a l l   r e s t r i c t i o n s   on  b r o t h e r   and  s i s t e r   a r e  
d i s j o i n t ,   t h e n   i f   we  have   an  a t - m o s t   5  r e l a t i v e   r e s t r i c t i o n ,  
and  we  know  t h e r e   a r e   a t - l e a s t   2  b r o t h e r s ,   t h e n   t h i s   i n f e r e n c e  
is  u s e d   to  d e d u c e   t h a t   t h e r e   a r e   a t - m o s t   3  s i s t e r s .  

I n f e r e n c e :   t e s t - c - i m p l i e s - c l a s s i c -   t h i n g  

A r g u m e n t s   :  n o n e  

N e c e s s a r y   c o n d i t i o n s :   A  d e s c r i p t o r   has   a  t e s t - c   r e s t r i c t i o n  
(a  t e s t   r e s t r i c t i o n   f o r   i n d i v i d u a l s   in  t he   CLASSIC  r e a l m )   . 
I n f e r r e d   i n f o r m a t i o n :   I t   w i l l   have   the   p r i m i t i v e   CLASSIC-THING 
i d d e d   to  i t s   p r i m i t i v e   l i s t   ( b e c a u s e   i t   must   be  in  t h e   CLASSIC 
rea lm)   . 
Jex t   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   t e s t   r e s t r i c t i o n  

:ame  f r o m .  

i 



x a t e t e n c e :   t e s L - n - i m p x i e s - n o s t - t n i n g  
A r g u m e n t s   :  n o n e  

N e c e s s a r y   c o n d i t i o n s :   A  d e s c r i p t o r   has  a  t e s t - h   r e s t r i c t i o n  
(a  t e s t   r e s t r i c t i o n   f o r   i n d i v i d u a l s   in  t he   HOST  r e a l m )   . 

I n f e r r e d   i n f o r m a t i o n :   I t   w i l l   have   the   p r i m i t i v e   HOST-THING 
a d d e d   to  i t s   p r i m i t i v e   l i s t   ( b e c a u s e   i t   must   be  in  t he   HOST 
r e a l m )   . 
Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   whe re   t he   t e s t   r e s t r i c t i o n  
came  f r o m .  
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APPENDIX  2  -  S a m e - a s   N o r m a l i z a t i o n   I n f e r e n c e s  

I n f e r e n c e :   s a m e - a s - i m p l i e s - a l l  

A r g u m e n t s :   (1)  and  (2)  the   two  r o l e   p a t h s   f rom  t he   s a m e - a s  
r e s t r i c t i o n ;   (3)  t he   r o l e - p a t h   a l o n g   w h i c h   t h e   s a m e - a s  
r e s t r i c t i o n   was  f o u n d .  

N e c e s s a r y   c o n d i t i o n s :   A  s a m e - a s   r e s t r i c t i o n   e x i s t s   on  a  
d e s c r i p t o r ,   and  one  r o l e   p a t h   has  an  a l l   r e s t r i c t i o n   a t   t h e  
end  of  t he   p a t h   w h i c h   is  a  named  c o n c e p t .  
I n f e r r e d   i n f o r m a t i o n :   The  a l l   r e s t r i c t i o n   a t   t he   end  of  t h e  
o t h e r   p a t h   of  t he   s a m e - a s   r e s t r i c t i o n   w i l l   be  t he   i d e n t i c a l  
named  c o n c e p t   . 
Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   s a m e - a s   r e s t r i c t i o n  
came  f rom,   and  e x p l a i n   whe re   t he   a l l   r e s t r i c t i o n   a t   t h e   e n d  
of  t he   f i r s t   r o l e   p a t h   came  f r o m .  

I n f e r e n c e :   s a m e - a s   - i m p l i e s - a t -   l e a s   t - 1  

A r g u m e n t s :   (1)  and  (2)  t he   two  r o l e   p a t h s   f rom  t he   s a m e - a s  
r e s t r i c t i o n ;   (3)  t he   r o l e - p a t h   a l o n g   w h i c h   t he   s a m e - a s  
r e s t r i c t i o n   was  f o u n d .  

N e c e s s a r y   c o n d i t i o n s :   A  s a m e - a s   r e s t r i c t i o n   e x i s t s   on  a  
d e s c r i p t o r   . 
I n f e r r e d   i n f o r m a t i o n :   The  a t - l e a s t   r e s t r i c t i o n s   on  a l l   t h e  
a t t r i b u t e s   in  b o t h   p a t h s   of  t he   s a m e - a s   r e s t r i c t i o n   g e t   s e t  
to  1 .  

Next  l e v e l   e x p l a n a t i o n :   E x p l a i n   w h e r e   t he   s a m e - a s   r e s t r i c t i o n  

came  f r o m .  

I n f e r e n c e :   s a m e - a s - i m p l i e s - f   i l l e r  

A r g u m e n t s :   (1)  and  (2)  t he   two  r o l e   p a t h s   f rom  t h e   s a m e - a s  
r e s t r i c t i o n ;   (3)  t h e   r o l e - p a t h   a l o n g   w h i c h   t he   s a m e - a s  
r e s t r i c t i o n   was  f o u n d .  

N e c e s s a r y   c o n d i t i o n s :   A  s a m e - a s   r e s t r i c t i o n   e x i s t s   on  a  
l e s c r i p t o r ,   and  a t   t h e   end  of  one  r o l e   p a t h   of  t he   s a m e - a s  
r e s t r i c t i o n ,   t h e r e   i s   a  known  f i l l e r .  

■3 



i m e r r e a   i n i o i m a c i o n :   Tne  ena  or  the   o t h e r   r o l e   p a t h   g e t s   t h e  
same  f i l l e r .  

5  Next   l e v e l   e x p l a n a t i o n :   E x p l a i n   where   the   f i l l e r   came  f r o m  
on  the   f i r s t   r o l e   p a t h .  

10 
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Aff£,jMjjj.A  j  —  s u D s u m p t i o n   "why"  I n f e r e n c e s  

I n f e r e n c e :   a t - l e a s t - o r d e r i n g  

A r g u m e n t s :   (1)  s u b s u m e e   a t - l e a s t ;   (2)  s u b s u m e r   a t - l e a s t .  
I n f e r e n c e   d e s c r i p t i o n :   The  a t - l e a s t   r e s t r i c t i o n   on  t h e  
s u b s u m e e   is   no  s m a l l e r   t h a n   t he   a t - l e a s t   on  the   s u b s u m e r .  
E x a m p l e :   ( a t - l e a s t   3  r)  is  s u b s u m e d   by  ( a t - l e a s t   2  r)  . 

I n f e r e n c e :   a t - m o s t - o r d e r i n g  
A r g u m e n t s :   (1)  s u b s u m e e   a t - m o s t ;   (2)  s u b s u m e r   a t - m o s t  
I n f e r e n c e   d e s c r i p t i o n :   The  a t - m o s t   r e s t r i c t i o n   on  the   s u b s u m e e  
i s   no  l a r g e r   t h a n   the   a t - m o s t   on  t he   s u b s u m e r .  

I n f e r e n c e :   f i l l e r - s u b s e t  

A r g u m e n t s :   n o n e  
I n f e r e n c e   d e s c r i p t i o n :   The  f i l l e r s   of  t he   s u b s u m e r   a r e   a  
s u b s e t   of  t he   f i l l e r s   of  t he   s u b s u m e e .  

I n f e r e n c e :   f  i l l e r s - a n d - a t - m o s t - s a t i s f   i e s - a l l  
A r g u m e n t s :   (1)  s u b s u m e e   f i l l e r s ;   (2)  s u b s u m e r   a l l   r e s t r i c t i o n  
I n f e r e n c e   d e s c r i p t i o n :   I f   a l l   t he   f i l l e r s   of  a  r o l e   r l   o n  
an  i n d i v i d u a l   I I   a r e   known  ( t h e   n u m b e r   of  f i l l e r s   e q u a l s   t h e  
a t - m o s t   r e s t r i c t i o n )   ,  and  e a c h   of  t h e   f i l l e r s   s a t i s f i e s   a  
d e s c r i p t i o n   Dl,  t h e n   II   s a t i s f i e s   t he   d e s c r i p t i o n   ( a l l   r l   Dl)  . 

Example   :  For  e x a m p l e ,   i f   Mary  and  B i l l   a r e   b o t h   known  to  b e  
VTHLETES  ,  and  Sue  is   d e f i n e d   as  (and  ( f i l l s   c h i l d   Mary  B i l l )  

( a t - m o s t   2  c h i l d )   )  ,  t h e n   Sue  s a t i s f i e s   t he   d e s c r i p t i o n :   ( a l l  
: h i l d   ATHLETE)  . 

I n f e r e n c e :   i d e n t i c a l - a l l - r e s t r  

A r g u m e n t s :   no  a r g u m e n t s ,   i f   b o t h   a l l   r e s t r i c t i o n s   a r e   t h e   s a m e  
: l a s s i f i e d   c o n c e p t ;   o t h e r w i s e :   (1)  s u b s u m e r   a l l   r e s t r i c t i o n ;  
2)  s u b s u m e e   a l l   r e s t r i c t i o n .  

5 
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i n r e r e n c e   d e s c r i p t i o n :   The  a l l   r e s t r i c t i o n   on  the   s u b s u m e r  
is  e q u i v a l e n t   to  t he   a l l   r e s t r i c t i o n   on  t he   s u b s u m e e .  

I n f e r e n c e :   i n d - m e m b e r - o f   - o n e - o f  

A r g u m e n t s   :  n o n e  
I n f e r e n c e   d e s c r i p t i o n :   The  i n d i v i d u a l   s a t i s f i e s   a  o n e - o f  
r e s t r i c t i o n   b e c a u s e   i t   is  one  of  t h e   i n d i v i d u a l s   in  t h e  
o n e - o f .   T h e r e   is   no  o t h e r   way  t h a t   a  t o p - l e v e l   i n d i v i d u a l   c a n  
s a t i s f y   a  o n e - o f   r e s t r i c t i o n .  

I n f e r e n c e :   i n d - p a s s e s -   t e s t  

A r g u m e n t s   :  n o n e  
I n f e r e n c e   d e s c r i p t i o n :   The  i n d i v i d u a l   s a t i s f i e s   a  t e s t  
r e s t r i c t i o n   b e c a u s e   when  the   t e s t   r u n s   on  t he   i n d i v i d u a l ,   i t  
r e t u r n s   T .  

I n f e r e n c e :   i n d -   s a t i s f i e s   - i n t e r v a l  

A r g u m e n t s :   (1)  t he   p i e c e   of  t h e   i n t e r v a l   c u r r e n t l y   b e i n g  
e x p l a i n e d   ( t h e   min  or  t he   max)  . 
I n f e r e n c e   d e s c r i p t i o n :   For  a  t o p - l e v e l   HOST  i n d i v i d u a l :   f o r  
t h e   min  a n d / o r   max,  w h i c h e v e r   a r e   s p e c i f i e d ,   the   i n d i v i d u a l  
is   no  s m a l l e r   t h a n   t he   min,   and  no  l a r g e r   t h a n   t he   m a x .  

I n f e r e n c e :   i n d - s a t i s f   i e s - s a m e - a s - w i t h - f   i l l e r - a n d - p a t h s  
A r g u m e n t s :   (1)  t h e   i n t e r m e d i a t e   i n d i v i d u a l ,   (2)  and  (3)  t h e  
two  p a t h s   on  the   i n d i v i d u a l   w h i c h   a r e   e q u i v a l e n t ,   and  (4 )  
a p t i o n a l l y ,   a  l i s t   c o n t a i n i n g   p a i r s   of  a  s a m e - a s   r e s t r i c t i o n  
t fhich  c o n t r i b u t e s   to  t h o s e   p a t h s   b e i n g   e q u i v a l e n t ,   a l o n g   w i t h  
:he  r o l e - p a t h   a l o n g   w h i c h   the   s a m e - a s   was  f o u n d .   The  f i n a l  
i r g u m e n t   is   n o t   t h e r e   i f   t he   two  p a t h s   a r e   t he   two  p a t h s   o f  
i  s a m e - a s .  

I n f e r e n c e   d e s c r i p t i o n :   The  i n d i v i d u a l   s a t i s f i e s   t h e   s a m e - a s  
> e c a u s e   t h e r e   i s   an  i n t e r m e d i a t e   i n d i v i d u a l   a l o n g   b o t h   t h e  
>aths  of  t he   s a m e - a s ,   and  t h e n   t h e   r e s t   of  b o t h   p a t h s   a r e  
i q u i v a l e n t   somehow  t h r o u g h   o t h e r   s a m e - a s   r e s t r i c t i o n s .  

b 



OAtuui'10i  exdinpxe ,   s u p p o s e   c o n c e p t   CI  is   d e f i n e d   a s :  
(SAMEAS  ( f a v o r i t e -   t e a c h e r   b e s t - f r i e n d )  

( m o t h e r   h u s b a n d )   )  . 
Now  s u p p o s e   t h a t   J a n e ' s   f a v o r i t e -   t e a c h e r   and  m o t h e r   a r e   b o t h  
S a l l y ,   and  S a l l y   has  t he   r e s t r i c t i o n :   ( s a m e - a s   ( b e s t - f r i e n d )  
( h u s b a n d )   )  .  CI  s u b s u m e s   J a n e   by  t h e  

i n d - s a t i s f i e s - s a m e - a s - w i t h - f i l l e r - a n d - p a t h s   i n f e r e n c e ,   w i t h  
the   i n t e r m e d i a t e   i n d i v i d u a l   S a l l y ,   and  t he   e q u i v a l e n t  
t a i l   p a t h s :   ( h u s b a n d )   and  ( b e s t - f r i e n d ) .  

I n f e r e n c e   :  i n t e r v a l   -  s a t   i  s  f  i e s   - o n e - o f  
A r g u m e n t s :   (1)  s u b s u m e e   min;   (2)  s u b s u m e e   max;  (3)  s u b s u m e r  
o n e - o f   . 
I n f e r e n c e   d e s c r i p t i o n :   The  s u b s u m e e   is   r e s t r i c t e d   to  b e i n g  
an  INTEGER.  The  min  and  max  a r e   b o t h   s p e c i f i e d ,   and  e a c h  
i n t e g e r   f rom  t he   min  t h r o u g h   t he   max  is   in  t he   s u b s u m e r   ' s  
o n e - o f   r e s t r i c t i o n .  

I n f e r e n c e :   max-  o r d e r i n g  

A r g u m e n t s :   (1)  s u b s u m e e   max;  (2)  s u b s u m e r   m a x .  
I n f e r e n c e   d e s c r i p t i o n :   The  max  r e s t r i c t i o n   on  t he   s u b s u m e e  
is  no  l a r g e r   t h a n   t he   max  on  t he   s u b s u m e r .  

I n f e r e n c e :   m i n - o r d e r i n g  

A r g u m e n t s :   (1)  s u b s u m e e   min;  (2)  s u b s u m e r   m i n .  
[ n f e r e n c e   d e s c r i p t i o n :   The  min  r e s t r i c t i o n   on  t h e   s u b s u m e e  
-s  no  s m a l l e r   t h a n   t h e   min  on  t he   s u b s u m e r .  

I n f e r e n c e :   o n e - o f   - s a t i s f i e s   - m a x  
a r g u m e n t s :   (1)  s u b s u m e e   o n e - o f   r e s t r i c t i o n ;   (2)  s u b s u m e r   m a x  
" e s t r i c t i o n   . 
i n f e r e n c e   d e s c r i p t i o n :   A l l   t he   i n d i v i d u a l s   in  t he   o n e - o f  
• e s t r i c t i o n   a r e   n u m b e r s ,   and  e a c h   one  is   no  l a r g e r   t h a n   t h e  
ax  . 
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I n f e r e n c e :   o n e - o f   - s a t i s f   i e s - m i n  

A r g u m e n t s :   (1)  s u b s u m e e   o n e - o f   r e s t r i c t i o n ;   (2)  s u b s u m e r   m i n  
r e s t r i c t i o n   . 
I n f e r e n c e   d e s c r i p t i o n :   A l l   t he   i n d i v i d u a l s   in  t he   o n e - o f  
r e s t r i c t i o n   a r e   n u m b e r s ,   and  e a c h   one  is   no  s m a l l e r   t h a n   t h e  
min  . 

I n f e r e n c e :   o n e - o f   - s a t i s f   i e s -   t e s t s  

A r g u m e n t s :   (1)  t he   s u b s u m e e   's  o n e - o f   r e s t r i c t i o n .  
I n f e r e n c e   d e s c r i p t i o n :   E v e r y   i n d i v i d u a l   in  the   s u b s u m e e   ' s  
o n e - o f   r e s t r i c t i o n   s a t i s f i e s   a l l   t he   s u b s u m e r   's  t e s t s .  

I n f e r e n c e :   o n e - o f   - s u b s e t  

A r g u m e n t s   :  n o n e  
I n f e r e n c e   d e s c r i p t i o n :   The  i n d i v i d u a l s   in  t he   o n e - o f  
r e s t r i c t i o n   on  t he   s u b s u m e e   a r e   a  s u b s e t   of  the   i n d i v i d u a l s  
in   t h e   o n e - o f   r e s t r i c t i o n   on  t he   s u b s u m e r .  

I n f e r e n c e :   p r i m i t i v e - s u b s e t  

A r g u m e n t s   :  n o n e  
I n f e r e n c e   d e s c r i p t i o n :   The  p r i m i t i v e s   of  t he   s u b s u m e r   a r e  
a  s u b s e t   of  t he   p r i m i t i v e s   of  t he   s u b s u m e e .  

I n f e r e n c e :   s a m e - a s - e x i s t e n c e  

A r g u m e n t s   :  n o n e  
The  s u b s u m e e   s a t i s f i e s   a  s a m e - a s   r e s t r i c t i o n   b e c a u s e   i t   h a s  
t h e  

i d e n t i c a l   s a m e - a s   r e s t r i c t i o n .  

I n f e r e n c e :   s a m e - a s - s u b s e t  

A r g u m e n t s   :  n o n e  
I n f e r e n c e   d e s c r i p t i o n :   The  s a m e - a s   r e s t r i c t i o n s   of  t h e  
s u b s u m e r   a r e   a  s u b s e t   of  t he   s a m e - a s   r e s t r i c t i o n s   of  t h e  
s u b s u m e e   . 
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j.xxj.e<.ouuB;  & d L i a i . i e s - s a m e - a s - w i t n - t i l l e r  
A r g u m e n t s :   (1)  t he   f i l l e r  
I n f e r e n c e   d e s c r i p t i o n :   The  same  f i l l e r   is   a t   the   end  of  e a c h  
of  t he   two  p a t h s   of  t he   s a m e - a s   r e s t r i c t i o n .  

I n f e r e n c e :   s u b s u m i n g - a l l - r e s t r  

A r g u m e n t s :   (1)  s u b s u m e r   a l l   r e s t r i c t i o n ;   (2)  s u b s u m e e   a l l  
r e s t r i c t i o n  

I n f e r e n c e   d e s c r i p t i o n :   The  a l l   r e s t r i c t i o n   on  the   s u b s u m e r  
s u b s u m e s   t h e   a l l   r e s t r i c t i o n   on  t he   s u b s u m e e .  

I n f e r e n c e :   t e s t - e x i s t e n c e  

A r g u m e n t s   :  n o n e  
I n f e r e n c e   d e s c r i p t i o n :   The  s u b s u m e e   s a t i s f i e s   a  t e s t  
r e s t r i c t i o n   b e c a u s e   i t   has   t he   i d e n t i c a l   t e s t   r e s t r i c t i o n .  

I n f e r e n c e :   t e s t - s u b s e t  

A r g u m e n t s   :  n o n e  
I n f e r e n c e   d e s c r i p t i o n :   The  t e s t   r e s t r i c t i o n s   of  t he   s u b s u m e r  
are  a  s u b s e t   of  t he   t e s t   r e s t r i c t i o n s   of  t he   s u b s u m e e .  

I n f e r e n c e :   t r a n s i t i v e - c l o s u r e - o r - d i s t r i b u t i o n  

A r g u m e n t s :   any  n u m b e r   of  ( s a m e - a s   r e s t r ,   r o l e - p a t h )   p a i r s ,  
/ h e r e   t h e   r o l e - p a t h   i s   the   r o l e - p a t h   f rom  the   t o p - l e v e l  
) b j e c t ,   a l o n g   w h i c h   t h e   c o n t r i b u t i n g   s a m e - a s   r e s t r   was  f o u n d ,  
i n f e r e n c e   d e s c r i p t i o n :   A  c o n c e p t   or  i n d i v i d u a l   s a t i s f i e s   a  
l a m e - a s   r e s t r i c t i o n   by  a  c o m b i n a t i o n   of  t r a n s i t i v e   c l o s u r e  
.nd  d i s t r i b u t i o n   o v e r   a l l   r e s t r i c t i o n s .  
I xample :   S u p p o s e   c o n c e p t   CI  is   d e f i n e d   a s :  

( s a m e - a s   ( l a w y e r )   ( b e s t - f r i e n d ) ) ,  
nd  c o n c e p t   C2  is   d e f i n e d   a s :  

(and  ( s a m e - a s   ( l a w y e r )   ( t e a c h e r )   ) 
( s a m e - a s   ( t e a c h e r )   ( b e s t - f r i e n d ) ) ) .  
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C2  s a t i s f i e s   t h e   s a m e - a s   r e s t r i c t i o n   on  CI  b y  
t r a n s i t i v e - c l o s u r e - o r - d i s t r i b u t i o n ,   w i t h   t he   two  s a m e - a s  
r e s t r i c t i o n s :  

( ( t e a c h e r )   ( b e s t - f r i e n d ) )   and  ( ( l a w y e r )   ( t e a c h e r ) ) .  

APPENDIX  4  —  S u b s u m p t i o n   "why  n o t "   I n f e r e n c e s  

I n f e r e n c e :   b a d - a t -   l e a s t - o r d e r i n g  

A r g u m e n t s :   (1)  1  1  s u b s u m e e   '  '  a t - l e a s t ;   (2)  1  '  s u b s u m e r   '  ' 

a t - l e a s t   . 
I n f e r e n c e   d e s c r i p t i o n :   The  a t - l e a s t   r e s t r i c t i o n   on  t h e  
'  ' s u b s u m e e '   '  i s   s m a l l e r   t h a n   the   a t - l e a s t   on  the   '  ' s u b s u m e r '   '  . 

I n f e r e n c e :   b a d - a t - m o s t - o r d e r i n g  

A r g u m e n t s :   (1)  ' ' s u b s u m e e ' '   a t - m o s t ;   (2)  ' ' s u b s u m e r ' '   a t - m o s t .  

I n f e r e n c e   d e s c r i p t i o n :   The  a t - m o s t   r e s t r i c t i o n   on  t h e  
'  ' s u b s u m e e '   '  i s   l a r g e r   t h a n   the   a t - m o s t   on  t h e   '  ' s u b s u m e r '   '  . 

I n f e r e n c e :   b a d - m a x - o r d e r i n g  

A r g u m e n t s :   (1)  ' ' s u b s u m e e ' '   max;  (2)  ' ' s u b s u m e r ' '   m a x .  
I n f e r e n c e   d e s c r i p t i o n :   The  max  r e s t r i c t i o n   on  the   '  ' s u b s u m e e '   ' 

i s   l a r g e r   t h a n   t h e   max  on  the   '  ' s u b s u m e r '   '  . 

I n f e r e n c e :   b a d - m i n - o r d e r i n g  

A r g u m e n t s :   (1)  ' ' s u b s u m e e ' '   min;   (2)  ' ' s u b s u m e r ' '   m i n .  

I n f e r e n c e   d e s c r i p t i o n :   The  min  r e s t r i c t i o n   on  the   '  ' s u b s u m e e '   ' 

i s   s m a l l e r   t h a n   t h e   min  on  the   ' ' s u b s u m e r ' ' .  

I n f e r e n c e   :  d o e s n t -   s a t   i s   f  y-  i n c o h e r e n t  

A r g u m e n t s :   (1)  t h e   i n c o h e r e n t   a l l   r e s t r i c t i o n   on  t h e  
'  ' s u b s u m e r '   '  ;  (2)  t h e   a l l   r e s t r i c t i o n   on  t h e   '  ' s u b s u m e e '   '  . 
I n f e r e n c e   d e s c r i p t i o n :   An  i n c o h e r e n t   a l l   r e s t r i c t i o n   c a n n o t  

be  s a t i s f i e d .  
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I n f e r e n c e :   f i l l e r   s - d o n t - s a t i s f y - a l l  

A r g u m e n t s :   (1)  1  ' s u b s u m e e '   '  f i l l e r s   w h i c h   d o n ' t   s a t i s f y   t h e  
a l l  

r e s t r i c t i o n ;   (2)  '  ' s u b s u m e r '   '  a l l   r e s t r i c t i o n .  

I n f e r e n c e   d e s c r i p t i o n :   Not  a l l   t he   f i l l e r s   s a t i s f y   the   a l l  
r e s t r i c t i o n   . 

I n f e r e n c e :   f i l l e r s - m i s s i n g  

A r g u m e n t s :   (1)  t he   f i l l e r s   no t   s a t i s f i e d  

I n f e r e n c e   d e s c r i p t i o n :   The  f i l l e r s   of  t he   ' ' s u b s u m e r ' '   a r e  
no t   a  s u b s e t   of  t he   f i l l e r s   of  t he   ' ' s u b s u m e e ' ' .  

I n f e r e n c e :   i n d - d o e s n t - p a s s - t e s t s  

A r g u m e n t s :   (1)  t he   t e s t s   the   i n d i v i d u a l   d o e s n ' t   p a s s .  
I n f e r e n c e   d e s c r i p t i o n :   The  i n d i v i d u a l   d o e s n ' t   s a t i s f y   a l l   t h e  

t e s t   r e s t r i c t i o n s .   An  i n d i v i d u a l   can  s a t i s f y   a  t e s t   i f  

r u n n i n g   the   t e s t   on  the   i n d i v i d u a l   r e t u r n s   T,  or  i f   t h e  

i n d i v i d u a l   has   t he   i d e n t i c a l   t e s t   in  i t s   d e s c r i p t o r .  

I n f e r e n c e :   i n d - d o e s n t - s a t i s f y - s a m e - a s  

A r g u m e n t s :   (1)  the   s a m e - a s   r e s t r i c t i o n s   the   i n d i v i d u a l   d o e s n ' t  

s a t i s f y .  

I n f e r e n c e   d e s c r i p t i o n :   The  i n d i v i d u a l   d o e s n ' t   s a t i s f y   a l l   t h e  

s a m e - a s   r e s t r i c t i o n s   . 

I n f e r e n c e :   i n d - n o t - m e m b e r - o f   - o n e - o f  

A r g u m e n t s :   (1)  t he   o n e - o f   r e s t r i c t i o n  

I n f e r e n c e   d e s c r i p t i o n :   The  i n d i v i d u a l   does   no t   s a t i s f y   t h e  

o n e - o f   r e s t r i c t i o n   b e c a u s e   i t   is   no t   one  of  t he   i n d i v i d u a l s  

in  t h e   o n e - o f .  

I n f e r e n c e :   n o n - s u b s u m i n g - a l l - r e s t r  

A r g u m e n t s :   (1)  t he   ' ' s u b s u m e r ' '   a l l   r e s t r ;   (2)  t h e  

' ' s u b s u m e e ' '   a l l   r e s t r .  
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I n f e r e n c e   d e s c r i p t i o n :   The  a l l   r e s t r i c t i o n   on  the   '  ' s u b s u m e e '   ' 

d o e s n ' t   s a t i s f y   the   a l l   r e s t r i c t i o n   on  the   1  ' s u b s u m e r '   '  . 

I n f e r e n c e :   o n e - o f   - n o t - s a t i s f i e d  

A r g u m e n t s :   (1)  ' ' s u b s u m e e ' '   o n e - o f   r e s t r i c t i o n ;   (2)  

' ' s u b s u m e r ' '   o n e - o f   r e s t r i c t i o n .  

I n f e r e n c e   d e s c r i p t i o n :   The  o n e - o f   in  t he   '  ' s u b s u m e e '   '  c o n t a i n s  

i n d i v i d u a l s   no t   in  t he   o n e - o f   of  t he   ' ' s u b s u m e r ' ' .  

I n f e r e n c e :   p r i m s - n o t - s a t i s f i e d  

A r g u m e n t s :   (1)  t he   p r i m i t i v e s   no t   s a t i s f i e d  

I n f e r e n c e   d e s c r i p t i o n :   The  p r i m i t i v e s   of  t he   '  ' s u b s u m e r '   '  a r e  

n o t   a  s u b s e t   of  t he   p r i m i t i v e s   of  t he   ' ' s u b s u m e e ' ' .  

I n f e r e n c e :   r o l e - n o t - c l o s e d  

A r g u m e n t s :   (1)  the   ' ' s u b s u m e r ' '   a l l   r e s t r i c t i o n ;   (2)  t he   r o l e .  

I n f e r e n c e   d e s c r i p t i o n :   The  f i l l e r s   c a n n o t   s a t i s f y   t h e   a l l  

r e s t r i c t i o n ,   b e c a u s e   t he   r o l e   is   no t   c l o s e d   on  the   i n d i v i d u a l .  

I n f e r e n c e :   s a m e - a s - n o t - s a t i s f i e d  

A r g u m e n t s :   (1)  t he   s a m e - a s   r e s t r i c t i o n s   n o t   s a t i s f i e d .  

I n f e r e n c e   d e s c r i p t i o n :   Not  a l l   t he   s a m e - a s   r e s t r i c t i o n s   a r e  

s a t i s f i e d .  

I n f e r e n c e :   t e s t s - n o t - s a t i s f i e d  

A r g u m e n t s :   (1)  t he   t e s t s   n o t   s a t i s f i e d  

I n f e r e n c e   d e s c r i p t i o n :   The  t e s t s   of  t h e   '  ' s u b s u m e r '   '  a r e   n o t  

a  s u b s e t   of  t he   t e s t s   of  t he   ' ' s u b s u m e e ' ' .  

I n f e r e n c e :   t h i n g - d o e s n t - s a t i s f y  

A r g u m e n t s :   (1)  t he   a l l   r e s t r i c t i o n   n o t   s a t i s f i e d  

I n f e r e n c e   d e s c r i p t i o n :   THING  c a n n o t   s a t i s f y   a  n o n - v a c u o u s   a l l  

r e s t r i c t i o n .  

Claims 

1.  In  a  knowledge  base  system  of  the  type  wherein  the  knowledge  base  provides  an  explanation  of  infer- 
ences,  the  improvement  comprising: 
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means  responsive  to  an  input  from  a  user  of  the  knowledge  system  for  reducing  the  amount  of  in- 
formation  in  the  explanation  as  specified  by  the  input. 

2.  In  a  knowledge  base  system  which  contains  objects  and  has  error  detection  means  and  explanation 
5  means  for  explaining  the  objects,  the  improvement  comprising: 

means  in  the  error  detecting  means  for  returning  an  entity  which  was  a  source  of  the  error;  and 
means  for  defining  the  entity  as  an  object  to  which  the  explanation  means  may  be  applied. 

3.  The  system  according  to  claim  2,  further  including  means  for  applying  said  explanation  means  to  said  ob- 
10  ject. 

4.  The  system  according  to  claim  3,  further  including  means  for  maintaining  error  objects  associated  with 
other  objects  in  said  knowledge  base  affected  by  said  error. 

15  5.  A  system  for  use  in  a  knowledge  base  system  for  explaining  the  source  of  derived  information  stored  for 
an  object  in  said  knowledge  base,  said  derived  information  being  ascertained  about  said  object  based  on 
information  entered  into  said  knowledge  base  by  a  user  and  a  plurality  of  inferences  performed  on  said 
entered  information,  said  explanation  system  comprising: 

means  for  generating  explanation  objects  which  explain  the  immediate  source  of  each  piece  of  said 
20  derived  information  stored  for  said  object,  each  of  said  explanation  objects  including  an  indication  of  said 

inference  which  generated  said  piece  of  derived  information;  and 
processor  means  for  analyzing  each  of  said  generated  explanation  objects  to  identify  explanation 

objects  associated  with  said  pieces  of  derived  information  requiring  further  explanation  and  to  utilize  said 
explanation  object  generation  means  to  generate  said  further  explanation. 

25 
6.  The  system  of  claim  5,  wherein  said  means  for  generating  explanation  objects  further  comprises: 

means  for  discarding  each  piece  of  said  derived  information  stored  for  said  object; 
means  for  rederiving  each  piece  of  said  derived  information;  and 
means  for  generating  an  explanation  object  for  each  piece  of  said  rederived  information  indicating 

30  the  source  of  said  piece  of  rederived  information. 

7.  Asystem  for  explaining  the  source  of  derived  information  stored  foran  object  in  a  knowledge  base  system, 
said  derived  information  being  ascertained  about  said  object  based  on  information  entered  into  said  knowl- 
edge  base  system  by  a  user  and  a  plurality  of  inferences  performed  on  said  entered  information,  said  ex- 

35  planation  system  comprising: 
means  for  receiving  from  said  user  an  indication  of  portions  of  said  derived  information  which 

should  be  explained; 
explanation  object  generation  means  responsive  to  said  receiving  means  for  generating  explana- 

tion  objects  which  explain  the  immediate  source  of  said  pieces  of  said  derived  information  which  said  user 
40  has  requested  to  be  explained. 

8.  The  system  of  claim  7,  wherein  said  indication  of  portions  of  said  derived  information  which  should  be 
explained  consists  either  of  settings  for  a  plurality  of  pruning  variables  which  specify  whether  portions 
of  said  explanation  should  be  generated,  or  of  an  entry  on  a  command  line  by  a  user  of  said  knowledge 

45  base  system  indicating  which  portions  of  said  explanation  should  be  generated. 

9.  The  system  of  claim  8,  wherein  said  command  line  entry  indicates  either  one  or  more  aspects  of  said  in- 
formation  stored  for  said  object  which  should  be  explained,  or  one  or  more  roles  associated  with  said  object 
which  should  be  explained. 

50 
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10.  In  a  knowledge  base  system  of  the  type  wherein  the  knowledge  base  provides  an  explanation  of  infer- 
ences,  the  improvement  comprising: 

means  for  explaining  why  an  object  in  said  knowledge  base  satisfies  a  concept  in  said  knowledge 
base. 

11.  The  system  according  to  claim  1,  2,  5,  7,  or  10,  or  the  method  claim  16,  wherein  said  knowledge  base 
system  is  embodied  as  a  configurator. 
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A  method  for  use  in  a  knowledge  base  system  for  explaining  why  an  object  in  said  knowledge  base  sat- 
isfies  a  concept  in  said  knowledge  base,  said  concept  being  defined  by  a  concept  description  having  one 
or  more  components,  said  subsumption  explanation  method  comprising: 

verifying  that  said  object  is  subsumed  by  said  concept; 
identifying  for  each  component  of  said  concept  description  a  list  of  subsumption  inferences,  each 

of  said  subsumption  inferences  explaining  a  manner  in  which  the  associated  component  may  be  satisfied; 
and 

selecting  from  the  list  of  applicable  subsumption  inferences  associated  with  each  of  said  compo- 
nents,  a  subsumption  inference  which  explains  how  the  object  being  explained  satisfies  the  particular 
component. 

The  subsumption  explanation  method  according  to  claim  12,  wherein  said  concept  is  a  rule  antecedent 
of  a  rule  and  said  subsumption  explanation  method  explains  why  said  rule  was  fired  on  an  individual. 

The  subsumption  explanation  method  according  to  claim  13,  further  including  the  step  of  verifying  that 
a  filter  associated  with  said  rule  is  satisfied  and  explaining  how  said  individual  satisfies  said  filter. 

The  subsumption  explanation  method  according  to  claim  14,  further  including  the  step  of  indicating  how 
each  component  of  the  rule  antecedent  definition  and  rule  filter  definition  are  satisfied  by  the  individual 
being  explained. 

A  method  for  use  in  a  knowledge  base  system  for  identifying  the  source  of  errors  in  a  knowledge  base, 
said  knowledge  base  system  including  a  mechanism  for  explaining  the  source  of  information,  said  method 
comprising  the  steps  of: 

detecting  the  occurrence  of  an  inconsistency  in  the  information  stored  in  said  knowledge  base  fol- 
lowing  the  entry  of  error  information  in  said  knowledge  base; 

identifying  objects  in  said  knowledge  base  system  that  are  affected  by  said  error  information; 
creating  an  error  object  for  each  of  said  identified  objects  that  are  affected  by  said  error  information, 

said  error  object  being  created  at  a  time  when  said  identified  objects  include  the  error  information;  and 
applying  said  explanation  mechanism  to  said  created  error  objects  to  identify  said  source  of  said 

error. 

The  method  according  to  claim  16,  wherein  said  step  of  identifying  affected  objects  identifies  all  objects 
that  either  received  information  that  was  propagated  from  the  object  that  the  error  information  was  initially 
added  to  and  all  objects  who  must  be  reclassified  if  information  is  removed  from  said  object  that  the  error 
information  was  initially  added  to,  or  that  were  modified  as  a  result  of  the  error  input  before  said  incon- 
sistency  was  detected. 
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C U R R E N T   ONE-OF  R E S T R I C T I O N  

F I G .   1 3 c  

39 
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>  ▼ 
CREATE  EXPLANATION  OBJECT  WITH  INDICATED 
INFERENCE  TYPE  AND  INFERENCE  A R G U M E N T S  

AND  PLACE  IN  TEST  FIELD  OF  EXPLANATION 
DERIVED  DESCRIPTOR  (EDD)  WITH  NAME  OF 

CURRENT  TEST  RESTRICTION 

F I G .   1 3 d  

'0 
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CREATE  EXPLANATION  O B J E C T   WITH  INDICATED 
I N F E R E N C E   TYPE  AND  I N F E R E N C E   A R G U M E N T S  
AND  PLACE  IN  SAME-AS  FIELD  OF  EXPLANATION 

DERIVED  D E S C R I P T O R   (EDD)  WITH  NAME  O F  
C U R R E N T   SAME-AS  R E S T R I C T I O N  

F I G .   1 3 e   ( e )   TO  FIG.  13f  
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CREATE  EXPLANATION  O B J E C T   WITH  INDICATED 
I N F E R E N C E   TYPE  AND  INFERENCE  A R G U M E N T S  

AND  PLACE  IN  MIN  FIELD  OF  EXPLANATION 
DERIVED  D E S C R I P T O R   (EDD)  

CREATE  EXPLANATION  O B J E C T   WITH  INDICATED 
I N F E R E N C E   TYPE  AND  INFERENCE  A R G U M E N T S  

AND  PLACE  IN  MAX  FIELD  OF  EXPLANATION 
DERIVED  D E S C R I P T O R   (EDD)  

( F ) T O   FIG.  1 3 g  

F I G .   1 3 f  
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1 3 6 0  ( f ) F R O M   FIG.  13f,  13i 

RETRIEVE  FIRST  ROLE  RESTRICTION  (TRR/DRR)  S T R U C T U R E  
LISTED  IN  RR  POINTER  FIELD  OF  DESCRIPTOR  BEING  M E R G E D  

FROM  AND  C O R R E S P O N D I N G   DERIVED  ROLE  RESTRICTION 
(DRR)  STRUCTURE  LISTED  IN  DRR  POINTER  FIELD  O F  

DERIVED  DESCRIPTOR  (DCD/DID)  OF  OBJECT  BEING  EXPLAINED 

1 3 6 2 ,  

NO 

1362   IS  ^ \  
ROLE 

^ - ^ r e s t r i c t i o n   a s s o c i a t e d \ ^ ^  
< t   w i t h   t h e   c u r r e n t   t r r / d r r   on   j > -  

s e l e c t e d   r o l e -  
^ \ p a t h   l i s t ^ - ^  

T y e s  
1 3 6 4  

DOES  Mn 
< ^ S E L E C T E D   ASPECT  L I S T > ^ > ! r   —  

^ ^ \ A L L   OR  A T - L E A S J > ^ ^ ^  

J J Y E S  
1  3 6 6 _ _ ^ ^ ^ ^ I F \ ^  

^ ^ " S E L E C T E D   A S P E C T ^ ^  
LIST  =  ALL,  HAS  USER  S E T  

.PRUNING  VARIABLE  TO  INDICATE  AT  LEASTS 
^ ^ R E S T R I C T I O N S   SHOULD  N O T ^ ^ " ^  

^ - ^ B E   E X P L A I N E D ^ ^ ^ ^  

NO 

TO  FIG.  131 

Y E S  

NO 

1 3 6 8 „  ' ^ o o   D O E S  
AT-LEAST 

- ^ ^ R E S T R I C T I O N   IN  A T - L E A S T ^ .  
- ^ r l E L D   OF  DESCRIPTOR  (TRR/DRR)  BEING"  
\ M E R G E D   FROM  APPEAR  IN  A T - L E A S T ^ -  

^ \ F I E L D   OF  DRR  OF  O B J E C T  
S - ^ B E I N G   E X P L A I N E D ^ ^  

1 3 7 0  
^ T Y E S  

NO 

CREATE  EXPLANATION  OBJECT  WITH 
INDICATED  INFERENCE  TYPE  AND 

INFERENCE  ARGUMENTS  AND  PLACE  IN 
AT-LEAST  FIELD  OF  EXPLANATION  DRR 

TO  FIG.  13h 

F I G .   1 3 g  
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CREATE  EXPLANATION  OBJECT  WITH  INDICATED 
INFERENCE  TYPE  AND  INFERENCE  A R G U M E N T S  

AND  PLACE  IN  AT-MOST  FIELD  OF  EXPLANATION  D R R  

CREATE  EXPLANATION  OBJECT  WITH  INDICATED 
INFERENCE  TYPE  AND  INFERENCE  A R G U M E N T S  

\ND  PLACE  IN  FILLER  FIELD  OF  EXPLANATION  D R R  

'4 



cr  0  684  554  Al 

H  )  FROM  FIG.  13h 

J ^ 5 " ^   D O E S ^ ~ ^ \ _  
< ^ S E L E C T E D   ASPECT  L I S T ^ -  
^ - \ A L L   OR  ALL  A S P E C T ^ - ^  

J ^ Y E S  

1  392>—  D O E S N .  
. ^ A L L   RESTRICTION  IN  A L T T \  

Y E S ^ ^ F I E L D   OF  DRR  OF  OBJECT  BEING" 
\ ^ E X P L A I N E D   CONTAIN  A  NAMED^- 

CONCEPT 
?  1-JOC 

THE  NAMED 
^ " C O N C E P T   APPEAR  IN  A L l >  
\ F I E L D   OF  TRR/DRR  B E I N G .  

^ ^ M E R G E D   F R O M ^ - ^  

1 3 9 4  
\   T ^ Y E S  

NO 

Ur\CMI  t  CArLANMI  IUN  UBJtU  I 
WITH  INDICATED  INFERENCE 

TYPE  AND  INFERENCE 
ARGUMENTS  AND  PLACE  IN  ALL 

FIELD  OF  EXPLANATION  DRR 

FROM  FIG.  1 3 g ( T ) _  

REEXECUTE  THE  EXPLANATION 
OBJECT  GENERATION 

FUNCTION  (FIG.  13)  WITH  THE 
FOLLOWING  ARGUMENTS:  

DESCRIPTOR  INDICATED  IN  ALL 
:IELD  OF  TRR/DRR  BEING  MERGED 

FROM;  DERIVED  D E S C R I P T O R  
IN  ALL  FIELD  OF  DRR 

OF  OBJECT  BEING  EXPLAINED; 
INDICATED  INFERENCE  TYPE 

AND  INFERENCE  ARGUMENTS 

= I G .   1 3 i  

ARE 
^ ■ ^ T H E R E   A D D I T I O N A L " " " * - ^  

TRRs/DRRs  INDICATED  IN  THE 
DESCRIPTOR  TO  BE 

^ ^ - ^ E y A L U A T E D ? ^ ^ ' ^  

^ ^ N O  

^ ^ - - - - ^ H A S ^ - ^ ^  
USER  SET 

PRUNING  VARIABLES  TO  INDICATE" 
rHAT  REDUNDANT  ONE-OFS  SHOULD^ 
~ ^ \ N O T   BE  E X P L A I N E D ^ - ^ _  

^ ^ ^ f r r ^ ^ " ^   I  DEL 
(NO  r 

V E S ,  

fO  FIG.  13g 

f E S  
I 3 9 8  
c  

IELETE  ALL  S U P E R S E T S  
OF  FINAL  ONE-OFS  

l E T U R N )  

5 
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1 4 0 0  
OBJECT  S U B S U M P T I O N  

EXPLANATION  F U N C T I O N  

1 4 1 0  EXECUTE  S U B S U M P T I O N   FUNCTION  TO  D E T E R M I N E  
IF  O B J E C T   IS  S U B S U M E D   BY  C O N C E P T  

1 4 2 0  

1 4 3 0  

^   O B J E C T S -  
S U B S U M E D   BY 

C O N C E P T ^ .  

i Y E S  

CLEAR  EXPLANATION  S T R U C T U R E S  
FOR  O B J E C T  

1 4 4 0  EXECUTE  C O N C E P T - S U B S U M E S - O B J E C T   S U B R O U T I N E  
(FIG.  16)  TO  GO  T H R O U G H   EACH  PART  OF  C O N C E P T  

AND  IDENTIFY  HOW  IT  IS  SATISFIED  ON  O B J E C T  

1  450.   FOR  EACH  EXPLANATION  O B J E C T   IN  THE  O B J E C T ' S  
ANNOTATED  EXPLANATION  S T R U C T U R E S   (EDD  A N D  

EDRR  FOR  EACH  ROLE),  PRINT  OUT  E X P L A N A T I O N  
WITH  A P P R O P R I A T E   TEXT  FOR  E A C H  

S U B S U M P T I O N   I N F E R E N C E   T Y P E  

1 4 6 0  
E N D ^ >  

F I G .   1 4  
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1 5 0 0  

1 5 1 0  

RULE  FIRING 
EXPLANATION  F U N C T I O N  

EXECUTE  S U B S U M P T I O N   FUNCTION  TO  DETERMINE  IF 
INDIVIDUAL  SATISFIES  RULE  A N T E C E D E N T   AND  FILTER,  IF  ANY 

1 5 2 0  

1 5 3 0  

^ ^ I N D I V I D U A l T ^ ^ ^  
SATISFIES  A N T E C E D E N T  
\ ^ A N D   F I L T E R ^ ^  

i Y E S  

1 5 4 0  
CLEAR  EXPLANATION  S T R U C T U R E S  

FOR  INDIVIDUAL 

EXECUTE  C O N C E P T - S U B S U M E S - O B J E C T   S U B R O U T I N E  
(FIG.  16)  TO  GO  T H R O U G H   EACH  PART  OF  RULE  A N T E C E D E N T  
C O N C E P T   AND  IDENTIFY  HOW  IT  IS  SATISFIED  ON  INDIVIDUAL 

1 5 5 0  

1 5 6 0  

EXECUTE  C O N C E P T - S U B S U M E S - O B J E C T   S U B R O U T I N E  
(FIG.  16)  TO  GO  T H R O U G H   EACH  PART  OF  RULE  F ILTER 

AND  IDENTIFY  HOW  IT  IS  SATISFIED  ON  INDIVIDUAL 

FOR  EACH  EXPLANATION  O B J E C T   IN  THE  INDIVIDUAL'S 
ANNOTATED  EXPLANATION  S T R U C T U R E S   (EDD  A N D  

EDRR  FOR  EACH  ROLE),  PRINT  OUT  E X P L A N A T I O N  
WITH  A P P R O P R I A T E   TEXT  FOR  E A C H  

S U B S U M P T I O N   INFERENCE  T Y P E  

1 5 7 0  

F I G .   1 5  
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F I G .   1 6 a  

PRINT  OUT  THAT  MORE  S P E C I F I C  
OBJECT  IS  SUBSUMED  BY  M O R E  

GENERAL  C O N C E P T   DUE  T O  
P R I M I T I V E - S U B S E T  

SUBSUMPTION  I N F E R E N C E  

PRINT  OUT  THAT  MORE  S P E C I F I C  
OBJECT  IS  SUBSUMED  BY  M O R E  

GENERAL  C O N C E P T   DUE  T O  
TOLD  INFORMATION 

1 6 1 2  ( a )   TO  FIG.  1 6 b  
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1 6 1 6  

A)  FROM  FIG.  1 6 a  

IS 
- ^ T H E R E   I N F O R M A T I O N ^ ^  
IN  THE  ONE-OF  FIELD  OF  THE 

^ M O R E   GENERAL  C O N C E P T ^  

1 6 1 8  

Y E S .  

1 6 2 0  

t Y E S  

^ ^ T H E   M O R E ^ \  
SPECIFIC  OBJECT  AN 

INDIVIDUAL 

NO 

LIST  OF  APPLICABLE  INFERENCES:  
•  IND-MEMBER-OF-ONE-OF 

LIST  OF  APPLICABLE  INFERENCES:  
•  O N E - O F - S U B S E T  

•  INTERVAL-SATISFIES-ONE-OF 

1 6 2 4  

1 6 2 6  

DETERMINE  WHICH  INFERENCE  FROM  LIST 
OF  APPLICABLE  INFERENCES  IS  APPLICABLE 

USING  CRITERIA  IN  APPENDIX  3 

CREATE  EXPLANATION  OBJECT  WITH  S E L E C T E D  
SUBSUMPTION  INFERENCE  TYPE  AND  I N F E R E N C E  
ARGUMENTS,  IF  ANY,  AND  PLACE  IN  ONE-OF  FIELD 

OF  EXPLANATION  STRUCTURE  OF  MORE  SPECIFIC  O B J E C T  

B)  TO  FIG.  16c  

F I G .   1 6 b  

79 



EP  0  684  554  A1 

B  )  FROM  FIG.  16b 

LIST  OF  APPLICABLE  INFERENCES 
FOR  CURRENT  TEST  RESTRICTION: 

•  IND-PASSES-TEST 
•  TEST-EXISTENCE 

LIST  OF  APPLICABLE  INFERENCES: 
•  T E S T - S U B S E T  

•  ONE-OF-SATISFIES-TEST 

1 6 3 6  

1 6 3 8  

DETERMINE  WHICH  INFERENCE  FROM  LIST 
OF  APPLICABLE  INFERENCES  IS  APPLICABLE 

USING  CRITERIA  IN  APPENDIX  3 

CREATE  EXPLANATION  OBJECT  WITH  S E L E C T E D  
SUBSUMPTION  INFERENCE  TYPE  AND  INFERENCE 

ARGUMENTS,  IF  ANY,  AND  PLACE  IN  TEST  FIELD 
OF  EXPLANATION  STRUCTURE  OF  MORE  SPECIFIC  O B J E C T  

YES 

1639  IS 
^ - ^ ^ m o r e   s p e c i f i c   o b j e c t ^ ^ ^ ^  
~an  i n d i v i d u a l   a n d   a r e   t h e r e   a d d i t i o n a l "  

t e s t   r e s t r i c t i o n s   t o  
^ " - \ ^ j 3 e   e v a l u a t e d ^ ^ ^ " ^  

—   T n o  

TO  FIG.  16d 

F I G .   1 6 c  
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FROM  FIG.  16c 

F I G .   1 6 d  
1 6 4 4  
_ X  

CREATE 
EXPLANATION 
OBJECT  WITH 

SAME-AS  SUBSET 
INFERENCE  AND 

ARGUMENTS  AND 
PLACE  IN  SAME-AS 

FIELD  O F  
EXPLANATION 
STRUCTURE 

OF  MORE  SPECIFIC 
OBJECT 

LIST  OF  APPLICABLE  INFERENCES: 
•  SAME-AS  EXISTENCE 

•  TRANSITIVE-CLOSURE-OR- 
DISTRIBUTION 

•  SATISFIES-SAME-AS-WITH-FILLER 
•  IND-SATISFIES-SAME-AS-WITH- 

FILLER-AND-PATHS 

I  

LIST  OF  APPLICABLE  INFERENCES: 
•  SAME-AS  EXISTENCE 

•  TRANS  ITIVE-CLOS  U  RE-rO  R- 
DISTRIBUTION 

•  SATISFIES-SAME-AS-WITH-FILLER 

1 6 5 2  

1 6 5 3  

I  
DETERMINE  WHICH  INFERENCES  FROM  LIST 
OF  APPLICABLE  INFERENCES  IS  APPLICABLE 

USING  CRITERIA  IN  APPENDIX  3 

CREATE  EXPLANATION  OBJECT  WITH  SELECTED 
SUBSUMPTION  INFERENCE  TYPES  AND  INFERENCE 
ARGUMENTS,  IF  ANY,  AND  PLACE  IN  SAME-AS  FIELD 

OF  EXPLANATION  STRUCTURE  OF  MORE  SPECIFIC  O B J E C T  

TO  FIG.  16e 
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D)  FROM  FIG.  16d  

1 6 5 5   IS 
^ ^ ^ T H E R E   I N F O R M A T I O N ^ - ^  

^ " I N   THE  PRIMITIVES  FIELD  OF  T H E  
^ ^ ^ M O R E G E N E R A L   C O N C ^ P T > - -  

Y E S  

1 6 5 6  

Y E S  

o - > ° _ ^ ^ ^   H A S  
USER  S E T  

PRUNING  VARIABLE  TO  INDICATE  T H A T  
PRIMITIVES  SHOULD  N O T  

^ ^ ^ B E   E X P L A I N E C ) ^ - ^ ^  

1 6 5 7  
| N O   j  

LIST  OF  APPLICABLE  I N F E R E N C E S :  
•  P R I M I T I V E - S U B S E T  

1 6 5 9   1  1 

^   "  , 
CREATE  EXPLANATION  O B J E C T   WITH  P R I M I T I V E - S U B S E T  

S U B S U M P T I O N   I N F E R E N C E   TYPE  AND  PLACE  IN  P R I M I T I V E S  
FIELD  OF  EXPLANATION  S T R U C T U R E   OF  MORE  SPECIFIC   O B J E C T  

E)  TO  FIG.  16f  

F I G .   1 6 e  
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1 6 7 0  

FROM  FIG.  16f,  16i 

RETRIEVE  CURRENT  DRR  FROM  MORE  GENERAL  CONCEPT 
AND  COMPARABLE  DRR  FOR  MORE  SPECIFIC  OBJECT 

YES 

NO 

USER  SET  PRUNING 
.VARIABLE  TO  INDICATE  AT  LEAST  RESTRICTIONS 
^ ^ - ^ S J H O U L D   NOT  BE  EXPLAINED^^  —  ̂ " ^ " ^  

1674  _ ^ - ^ K 5 " ^ ^ ^  
_  J ^ T H E R E   I N F O R M A T I O N ^ ^ ^  
° < ^ I N   AT-LEAST  FIELD  OF  CURRENT  D R k ~ ~ ^ >  

^ ^ ^ Q F M O R E   GENERAL  C O N C E P J > - - - - ^ ' ^  

1 6 7 5  

1 6 7 6  

LIST  OF  APPLICABLE  INFERENCES:  
•  AT-LEAST-ORDERING 

CREATE  EXPLANATION  OBJECT  WITH  AT-LEAST  ORDERING 
SUBSUMPTION  INFERENCE  TYPE  AND  INFERENCE  ARGUMENTS, 

AND  PLACE  IN  AT-LEAST  FIELD  OF  EXPLANATION  DRR 
OF  MORE  SPECIFIC  O B J E C T  

YES USER  SET  PRUNING  ^  
VARIABLE  TO  INDICATE  AT  MOST  RESTRICTIONS 

^ ^ ^ S H O J L D   NOT  BE  EXPLA|NED^-^  —  

~~T"no   I 

NO 

1678  IS 
^ ^ ^ t H E R E   INFORMATION  I N ^ ^ .  

■ ^ A T - M O S T   FIELD  OF  CURRENT  DRR 
^ \ O F M O R E   GENERAL  C O N C E P T ^  
1 6 7 9  

\   j T y e s  

F I G .   1 6 g  

1 6 8 0  

LIST  OF  APPLICABLE  INFERENCES:  
•  AT-MOST-ORDERING 

CREATE  EXPLANATION  OBJECT  WITH  AT-MOST  ORDERING 
SUBSUMPTION  INFERENCE  TYPE  AND  INFERENCE  ARGUMENTS, 

AND  PLACE  IN  AT-MOST  FIELD  OF  EXPLANATION  DRR 
OF  MORE  SPECIFIC  O B J E C T  

G)  TO  FIG.  16h 
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>  FROM  FIG.  16g 

1 6 8 2   IS 
J ^ ^ T H E R E   I N F O R M A T I O N ^ ^ .  

• ^ I N   FILLS  FIELD  OF  CURRENT  DRR  OF 
s ^ ^ M O R E   GENERAL  C O N C E P T ^ -  
<e>or>  ?  -  1 6 8 3  

1 6 8 4  

YES 

LIST  OF  APPLICABLE  INFERENCES:  
•  FILLER-SUBSET 

CREATE  EXPLANATION  OBJECT  WITH  FILLER-SUBSET 
SUBSUMPTION  INFERENCE  TYPE  AND  PLACE  IN  FILLS  FIELD 

OF  EXPLANATION  DRR  OF  MORE  SPECIFIC  O B J E C T  

F I G .   1 6 h  
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YES  , 

1 6 9 1  
_ X  

(HjFROM  FIG.  16h 

^ ^ ^ ^ I S   MORE 
S p e c i f i c   o b j e c t s   a l l   r e s t r i c t i o n "  
^ s - ^ a   named  c o n c e p t  
1690  "*'"  """" 

\   T n o  

( 7 )   FROM  FIG.  16h 

REEXECUTE  CONCEPT-SUBSUMES-OBJECT 
SUBROUTINE  (FIG.  16)  FOR  MORE  GENERAL 

CONCEPTS  ALL  RESTRICTION  AND  MORE 
SPECIFIC  OBJECTS  ALL  RESTRICTION 

LIST  OF  APPLICABLE  INFERENCES: 
•  IDENTICAL-ALL-RESTR 

•  SUBSUMING-ALL-RESTR 

DETERMINE  WHICH  INFERENCE 
FROM  LIST  OF  APPLICABLE 

INFERENCES  IS  APPLICABLE  USING 
CRITERIA  IN  APPENDIX  3 

1 6 9 2  

CREATE  EXPLANATION  O B J E C T  
WITH  SELECTED  SUBSUMPTION 

INFERENCE  TYPE  AND  INFERENCE 
ARGUMENTS,  IF  ANY,  AND  PLACE 

IN  ALL  FIELD  OF  EXPLANATION 
DRR  OF  MORE  SPECIFIC 

O B J E C T  

FROM  ( ' J )  
FIG.  1 6 h V  

1 6 9 4  

LIST  OF  APPLICABLE  INFERENCES:  
•  FILLERS-AND-AT-MOST- 

SATISFIES-ALL 

CREATE  EXPLANATION  O B J E C T  
WITH  FILLERS-AND-AT-MOST- 
SATISFIES-ALL  SUBSUMPTION 

INFERENCE  TYPE  AND  INFERENCE 
ARGUMENTS  AND  PLACE  IN  ALL 

FIELD  OF  EXPLANATION  DRR 
OF  MORE  SPECIFIC  O B J E C T  

1 6 9 5  

1 6 9 3  

F I G .   1 6 i  

1 6 9 6  
2̂ -—  *^ARE  T H E R c ^ —  

--^ADDITIONAL  DRRs  IN  T H E ^ -  
^MORE  GENERAL  CONCEPT  T O .  
^ - ^ ^ E V A L U A T E D ^ - ^ ^  

YES 

1 6 9 7  
|  NO 

RETURN TO  FIG.  16g 
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1 7 0 0  
COMPLETE  EXPLANATION 
^  OF  AN  OBJECT  - 

1 7 0 5  

1 7 1 0  

CLEAR  EXPLANATION  S T R U C T U R E S  
FOR  THIS  O B J E C T  

INITIALIZE  R U L E - F 1 R I N G - U S T  
AND  P R I N T - U S T   GLOBAL  VARIABLES 

1 7 1 5  EXECUTE  SETUP  EXPLANATION  STRUCTURE  F U N C T I O N  
(FIG.  12)  FOR  OBJECT  BEING  EXPLAINED  AND  ADD 

INDIVIDUAL  TO  P f l / N T - L / S r V A R I A B L E  

1 7 2 0  EXECUTE  EXPLANATION  STRUCTURE  ANALYSIS 
FUNCTION  (FIG.  18)  TO  ANALYZE  EXPLANATION 

S T R U C T U R E S   CREATED  DURING  PREVIOUS  S T E P  

1 7 2 2  FOR  EACH  OBJECT  INDICATED  ON  P R I N T - U S T ,  
PRINT  OUT  ASSOCIATED  EXPLANATION  S T R U C T U R E S  

WITH  APPROPRIATE  TEXT  FOR  EACH  INFERENCE  T Y P E  

1 7 2 5   IS 
^ ^ T H E R E   INFORMATION 

< T   IN  R U L E - F I R I N G - U S T  

^ ^ • ^ ^ V A R I A B L E ^ ^  

1 7 3 0   HAS 
j ^ u s e r   s e t   p r u n i n g ^ ,  

- ^ v a r i a b l e   t o   i n d i c a t e   t h a t   r u l e  
s ^ f i r i n g s   s h o u l d   n o t   be  ̂  

^ \ e x p l a i n e c > ^ ^  

—   3 T n o  

Y E S  

1 7 3 5  EXECUTE  RULE  FIRING  EXPLANATION  F U N C T I O N  
(FIG.  15)  FOR  CURRENT  RULE  IDENTIFIED  ON  LIST 

Y E S  
1 7 4 5 _ ^ - ^   ARE 

THERE  ADDITIONAL  ^ s  

^ - ^ R J J L E S   ON  RULE-FIRING-UST^,  

1 7 5 5  N O J  

F I G .   1 7  
END 
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1 8 0 0  
EXPLANATION  S T R U C T U R E  

- ^ A N A L Y S I S   F U N C T I O N ^ ^  

1 8 0 5  RETRIEVE  EXPLANATION  DATA  D E S C R I P T O R  
(EDD)  ASSOCIATED  WITH  CURRENT  O B J E C T  

1 8 1 0  
EXECUTE  EXPLANATION  OBJECT  ANALYSIS  FUNCTION 
(FIG.  19)  ON  CURRENT  EXPLANATION  OBJECT  IN  THE 
EDD  WITH  FOLLOWING  ARGUMENTS:  EXPLANATION 

OBJECT,  ASPECT  ASSOCIATED  WITH  C U R R E N T  
EXPLANATION  OBJECT  AND  CURRENT  ROLE-PATH 

1815   ^ ^ ^ A R E ^ - \  
^ > ^ T H E R E   A D D I T I O N A L " - — ^  

^ - ^ E X P L A N A T I O N   OBJECTS  TO  BE 
^ ^ - ^   EVALUATED  IN  THE  ^  

^ \ c u r r e n t   e d d ^ - ^  

j T n o  

Y E S  

1 8 2 0  RETRIEVE  EXPLANATION  DRRs  A S S O C I A T E D  
WITH  CURRENT  OBJECT  BEING  EXPLAINED 

1 8 2 5  
EXECUTE  EXPLANATION  OBJECT  ANALYSIS  FUNCTION 

(FIG.  19)  ON  CURRENT  EXPLANATION  OBJECT  IN  THE  E D R R  
WITH  FOLLOWING  ARGUMENTS:  EXPLANATION  OBJECT,  

ASPECT  ASSOCIATED  WITH  CURRENT  EXPLANATION 
OBJECT  AND  ROLE-PATH  ASSOCIATED  WITH  E D R R  

1 8 3 0  

1 8 3 5  

^ - " ^ ^ A R E ^ ^ —  
^ - ^ h e r e   a d d i t i o n a l " - - ^  
e x p l a n a t i o n   o b j e c t s   t o   b e  

e v a l u a t e d   in  t h e   ^  " s - ^ c u r r e n t   e d r r ^ ^  

T n o  

YES 

REEXECUTE  EXPLANATION  STRUCTURE  ANALYSIS  FUNCTION 
(FIG.  18)  ON  DERIVED  DESCRIPTOR  INDICATED  IN  ALL  FIELD  O F  

DRR  ASSOCIATED  WITH  CURRENT  EDRR  IF  THE  ALL  RESTRICTION 
ON  CURRENT  DRR  OF  CURRENT  OBJECT  IS  A  NAMED  C O N C E P T  

F I G .   1 8  

C J e t u r n ^ )  
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1 9 0 0  
EXPLANATION  O B J E C T  
ANALYSIS  F U N C T I O N ,  

1 9 0 8  
EXECUTE  SETUP  EXPLANATION  S T R U C T U R E   F U N C T I O N  

(FIG.  12)  FOR  INDICATED  INDIVIDUAL  THAT  I N F O R M A T I O N  
WAS  PROPAGATED  FROM  LIMITED  TO  INDICATED  R O L E  
PATH  ALONG  WHICH  INFORMATION  WAS  P R O P A G A T E D  

AND  INDICATED  A S P E C T   (ALL  OR  PRIMITIVE)  

1 9 1 2  ADD  INDIVIDUAL  THAT  I N F O R M A T I O N  
WAS  PROPAGATED  FROM  TO  P R I N T - U S T  

1 9 1 6  
R E E X E C U T E   EXPLANATION  O B J E C T   ANALYSIS  F U N C T I O N  

(FIG.  19)  TO  ANALYZE  NEW  EXPLANATION  O B J E C T S  
CREATED  FOR  INDIVIDUAL  THAT  I N F O R M A T I O N  

WAS  PROPAGATED  F R O M  

1 9 2 0   HAS  S \  
USER  S E T  

^ ^ P R U N I N G   VARIABLE  TO  INDICATE" 
^ ^ T H A T   FILLER  OF  PROPAGATION 

SHOULD  NOT  BE 
S ^ B C P L A I N E D ^ ^  

i N O  

Y E S  

1 9 2 4  
EXECUTE  SETUP  EXPLANATION  S T R U C T U R E   F U N C T I O N  

(FIG.  12)  FOR  INDICATED  INDIVIDUAL  THAT  INFORMATION  W A S  
P R O P A G A T E D   FROM  LIMITED  TO  INDICATED  ROLE  PATH  A N D  

ASPECT,   AS  ABOVE,  AND  THE  A S P E C T   FILLER  LIMITED  TO  T H E  
C U R R E N T   O B J E C T   BEING  COMPLETELY  E X P L A I N  

1 9 2 8  
R E E X E C U T E   EXPLANATION  O B J E C T   ANALYSIS  F U N C T I O N  

(FIG.  19)  TO  ANALYZE  NEW  EXPLANATION  O B J E C T S  
CREATED  FOR  INDIVIDUAL  THAT  I N F O R M A T I O N  

WAS  P R O P A G A T E D   F R O M  

F I G .   1 9 a  
(A)  TO  FIG.  1 9 b  
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A)  FROM  FIG.  1 9 a  

1 9 3 6  EXECUTE  SETUP  EXPLANATION  S T R U C T U R E   F U N C T I O N  
(FIG.  12)  FOR  INDICATED  PARENT  C O N C E P T   I N F O R M A T I O N  

WAS  INHERITED  FROM,  LIMITED  TO  ROLE  PATH 
INDICATED  IN  INFERENCE  A R G U M E N T  

1 9 4 0  ADD  PARENT  C O N C E P T   I N F O R M A T I O N  
WAS  INHERITED  FROM  TO  P R I N T - U S T  

1 9 4 4  
R E E X E C U T E   EXPLANATION  O B J E C T   ANALYSIS  F U N C T I O N  

(FIG.  19)  TO  ANALYZE  NEW  EXPLANATION  O B J E C T S  
CREATED  FOR  PARENT  C O N C E P T   I N F O R M A T I O N  

WAS  INHERITED  F R O M  

1 9 4 8  

1 9 5 2  ADD  RULE  IDENTIFIER  FROM  I N F E R E N C E  
A R G U M E N T   TO  R U L E - F I R I N G - U S T  

BJTO  FIG.  1 9 b  

F I G .   1 9 b  
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f§)  FROM  FIG.  19b 
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INFERENCE  ^ \  

TYPE  =  AN  INFERENCE 
L I S T E D   IN  A P P E N D I X ^  

OR  2 

I Y E S  

1 9 6 4  

1 9 6 6  

RETRIEVE  INFORMATION  FROM  C O R R E S P O N D I N G  
NEXT  LEVEL  ENTRY  IN  APPENDIX  1  OR  2 

EXECUTE  SETUP  EXPLANATION  STRUCTURE  FUNCTION 
(FIG.  12)  BASED  UPON  RETRIEVED  NEXT  LEVEL  INFORMATION 

1 9 7 0  

1 9 7 4  

ADD  INDICATION  OF  OBJECT  THAT  WAS  EXPLAINED 
IN  PREVIOUS  STEP  TO  P R I N T - U S T  

REEXECUTE  EXPLANATION  OBJECT  ANALYSIS  FUNCTION 
(FIG.  19)  TO  ANALYZE  NEW  EXPLANATION  O B J E C T S  

CREATED  FOR  NEXT  LEVEL  O B J E C T  

1 9 8 0  
J ^ I N F E R E N C E ^ ^ ^  

< C T f P E   =  TOLD  INFORMATION 

GENERATE 
ERROR  M E S S A G E  

y 
( r e t u r n )  

F I G .   1 9 c  
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